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Executive summary

Background

A fundamental objective of the 1995 Mekong
Agreement is cooperation among LMB countries
to achieve ‘the full potential of sustainable benefits
to all riparian countries and the prevention of
wasteful use of Mekong River Basin waters’. Basin
planning is central to the Mekong Agreement as it
requires the four countries in the Lower Mekong
Basin to ‘cooperate in the formulation of a basin
development plan’.

The second phase of MRC’s Basin Development
Plan Programme (2007-2010) supports the four
countries in the Lower Mekong Basin (LMB) in the
participatory development of a rolling Integrated
Water Resources Management (IWRM) based
Basin Development Plan (BDP) that comprises
basin-wide development scenarios, an IWRM-
based basin development strategy, and a project
portfolio.

The first Basin Development Plan is being
developed during a time of significant change,
where rapid, large-scale development of the river
is already taking place, and hydropower dams
constructed on the Lancang in the Upper Mekong
Basin and on tributaries in the LMB are changing
the Mekong'’s flow regime. There has been
increasing demand from both riparian countries
and project developers for the provision of an
integrated basin perspective on national water
resources development plans and the extent of
acceptability of their cumulative impacts. These
cumulative impacts are studied through the
assessment of basin-wide development scenarios.

The assessments were undertaken while
recognizing the risk of some incomplete data and
knowledge; however, accelerated developments
have demanded early information on
transboundary impacts. During the process, the
highest priority areas where greater understanding
is needed have been identified. These knowledge
gaps will be addressed during the implementation
of the Basin Development Plan (2011-2015). The
updated knowledge of the basin will then be used
to review and update the Plan in 2015, including
the scenarios.

Scenario assessment

Each scenario was formulated to represent
different combinations of nationally planned sector
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development, with a focus on water supply,
irrigation, hydropower, and flood protection. These
are the sectors identified by the LMB countries as
most important for further water resources
development, as well as having the greatest risk of
transboundary environment and social impacts.
The LMB countries agreed to assess the
scenarios against 42 economic, environment and
social criteria that provide a picture of how well
each scenario meets the socio-economic
development and environment protection
objectives of each country as well as the basin’s
shared goals. In addition, a basin wide ‘equity’
criterion is included that measures the degree of
‘equitable development’ between each country
that each scenario produces.

The scope of the scenario assessment embraces
environmental, social and economic cumulative
impacts (‘triple bottom line’) at a level that future
directions for development can be determined
jointly. Hydrological changes caused by each
scenario have been assessed with MRC'’s suite of
simulation models, taking into account the
developments and plans in the Upper Mekong
Basin. Based on the hydrological changes and
physical impact caused by each scenario, a multi-
disciplinary expert group had conducted an
integrated assessment with the set of agreed
criteria. The scenarios selected by LMB countries
fall into four main categories:

U Baseline Situation — establishing the
reference hydrological, economic,
environmental and social conditions, against
which future developments can be compared.
This has been agreed as the hydrological
situation of 1985-2000 and the socio-
economic situation of the years 2008-2009.

U Definite Future Situation (DFS) — assessing
the cumulative impacts of developments that
are going to occur by 2015 (i.e. those built
since 2000, under construction, or already
firmly committed), including the new dams on
the Lancang and 26 significant tributary
reservoir developments in the LMB.

U Foreseeable Future Situation (FFS) —
assessing the impacts of LMB countries’
water resources development plans up to
2030, including irrigation expansion (1.6M
hectares), water supply demands, the 11
proposed mainstream dams and additional 30
tributary dams. The scenarios investigate the
transboundary impacts of these proposed



developments, with and without various
combinations of mainstream dams (“20-year
plan scenarios”). The “Mekong Delta Flood
Management Scenario” investigates the
impact of various flood management
interventions within the Cambodian — Viet
Nam floodplain.

O Long-term Future Situation (LFS) — looking
at two possible levels of development for the
longer term (next 50 years) and how these
may impact upon near-term decisions.

The scenarios for both the FFS and LFS are
assessed with and without the potential modifying
influence of climate change.

Main assessment findings
Definite Future Situation (DFS)

Inter-annual variability of dry and wet season flows
is a natural characteristic of the Mekong river.
Water resources development is already a
modifying factor and has been a reality in the
basin for some time, for example with the
development of the multi-purpose Nam Ngum
project in the 1970s. The large storage dams on
the Lancang and the existing or committed new
LMB tributary dams, operated primarily for power
generation in response to fluctuating demand, will
alter mainstream river flows substantially along its
length by reducing wet- and increasing dry-season
flows. The changes from the Baseline Situation
are most marked upstream of Vientiane.

A major finding is that the projected redistribution
of seasonal flows will provide sufficient dry season
volumes of water to meet all planned consumptive
water demands of the LMB countries as evaluated
in the FFS without contravening the Baseline
Situation. Economic benefits from the DFS are
expected from hydropower development,
reduction of flood damage, less salinity intrusion,
and increased reservoir fisheries. Employment
opportunities (370,000) will be generated,
primarily in the hydropower and fisheries sectors.

However, the inevitable and irreversible flow
changes will have substantial impacts compared
with the Baseline Situation. These include a
reduction of wetlands, reduced flow reversal into
Tonle Sap and reductions in sediment flows
causing long-term irreversible river bed incision
and bank erosion, with consequent impacts on
delta-shaping processes. Reduced sedimentation
will happen within a decade, with consequences
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for reduction of valuable wetland and agricultural
productivity, and for the discharge of sediments
and associated nutrients to coastal waters, which
may affect marine fishery production. Capture
fisheries will reduce by 7%, two environmental
hotspots will be highly impacted, and the
livelihoods of almost a million vulnerable people
will be at risk to varying degrees.

Foreseeable Future Situation (FFS) focusing on
irrigation and tributary hydropower - no LMB
mainstream dams

The planned water resources developments under
the FFS add relatively small changes in the flow
regime that will be experienced under the DFS.
Increased dry season releases will more than
offset the large increase in irrigation and other
consumptive water demands. For example, the
dry season flows at Kratie under the FFS will be
on average 28% higher than the Baseline
conditions, but only a 6% increase over the DFS.
The dry season flows at Tan Chau in March will be
typically 33% higher than the Baseline condition
and 9% higher than in the DFS.

The economic opportunities in this FSS would be
large (with an additional Net Present Value of US$
8 hillion compared to the DFS). An additional
650,000 jobs would be created in all LMB
countries, mainly from hydropower, irrigation, and
fisheries. Irrigation expansion also provides
opportunities for significant benefit from rice-field
fisheries.

The incremental increase in impacts come
principally from the additional 30 tributary dams in
Lao PDR and Cambodia, reducing the flood
season flows, in addition to their direct
construction and barrier impacts. They also
increase the amount of sediment trapping,
heightening the uncertainties associated with
wetland productivity and the stability of delta
shaping processes. The impacts include a further
reduction of capture fisheries from 7% in the DFS
to 10% in this FFS, an increase of highly impacted
environmental hotspots from two to five, and an
increase by 400,000 to 1,400,000 of people
exposed to some degree of livelihood risks.

Foreseeable Future Situation (FFS) with irrigation
and tributary hydropower and up to eleven new
LMB mainstream dams

This scenario is incremental to the previous one
and creates the potential for both very high
economic benefits but also much higher
environmental and social impacts. Other than
localized flow and changes relating to hydropower



operations, the incremental transboundary flow
changes over the previous FFS will be
insignificant as the 11 proposed projects are
effectively run-of-the-river with no carry over
storage from season to season. The following
outline of the assessment results has also
benefited from the Strategic Environmental
Assessment of Mainstream Hydropower Dams
(SEA).

Benefits are very substantial: the proposed 11
mainstream dams together would generate an
extra US$ 15 billion NPV, 2.5 times the combined
benefits of the 30 additional tributary dams
included in the FFS. About 400,000 new
employment opportunities would be created during
the construction and operation phases of the
mainstream dams. Furthermore, the 11 LMB
mainstream dams would have the potential to
reduce the greenhouse gas emissions of the
regional power sector by about 50 million tonnes
CO2/year by 2030.

But the impacts of the proposed 11 mainstream
dams could be very severe: 60% of the
ecologically valuable river channel between Kratie
and Houei Xai lost to a series of connected
impoundments; important habitats (e.g. deep
pools, rapids and sandbars), resulting in lost
biodiversity; nine environmental hotspots highly
impacted, mostly in Cambodia (Tonle Sap, 3S-
basin and the mainstream); 2 out of 4 flagship
species at severe risk of extinction (Giant Catfish
and Irrawaddy Dolphin); and a near-total barrier to
fish migration along most of the mainstream
unless new, and as yet untested, fish passage
facilities are provided. This barrier effect will
further reduce capture fisheries in the basin by
15%, bringing the overall decline of capture
fisheries in the basin to 25% compared to the
Baseline condition. As a result of the eleven
mainstream dams, livelihoods put at risk would
rise by nearly three times compared to the 20-year
plan without mainstream dams (and nearly five
times that under the DFS), bringing the total under
this scenario to 4,360,000. Depending on their
design and sediment management operations, the
mainstream dams could heighten the impact on
sediment and nutrient transport in the basin.

The impacts increase with both the increased
number, and also with the location of the dams,
with clearly more severe impacts resulting from
dams proposed in Cambodia and southern Lao
PDR, and less severe impacts for those located
above Vientiane. The six mainstream dams in
Lao PDR upstream of Vientiane would have
incremental environmental impacts arising from
the increased pondage and backwater and barrier
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effects in this part of the mainstream. Two
environmental hotspots in Lao PDR will be
severely impacted and crucially the Giant Catfish
could become extinct along with other species
locally. However, the scenario assessments and
the SEA show that, given their location at the
farther end of the basin’s main migratory routes,
these dams will have a relatively small
transboundary effect on capture fisheries,
reducing basin-wide productivity by a further 2-3%

typically.

Foreseeable Future Situation (FFS) with flood
protection measures in the Mekong Delta

The planned flood risk reduction measures in the
Mekong Delta would have marginal positive and
negative transboundary impacts. The planned
measures result in lower risk in both countries with
the exception of Long Xuyen Quadrangle (LXQ) in
Viet Nam, which apart from the main Mekong and
Bassac rivers, is more or less the only flood
passage way to the sea. Projects are already
underway to mitigate the increased risks by the
widening of existing canals in the LXQ rather than
constructing new large canals elsewhere.

Long-term Future Situation (LFS)

The LFS provides valuable insights up to 2050 on
the impacts of expanded water resources
development. There is sufficient storage potential
in the LMB'’s tributaries to meet high-case
increases in consumptive water uses, without
reducing the baseline dry season flow. However,
the assessment also highlighted the major impacts
these developments would have on the eco-
systems and social fabric of the basin, and
underscore the need to proceed prudently and at
a pace that allows knowledge to stay ahead of
major infrastructure developments.

The assessments show that severe transboundary
impacts will occur if significant areas of the
presently flooded areas in the lower basin are
given year-round flood protection. This will present
major challenges in managing increased flooding
and saline water intrusion, as well as further land
development within the Cambodian and Viet Nam
Delta, including the Tonle Sap floodplains. Whilst
these issues are beyond the scope of the present
planning period, a long-term scoping study needs
to commence of the long term flood management
options for the Mekong Delta to better inform
subsequent basin planning processes.

Xi



Climate Change

The assessments of climate change point clearly
towards more variable conditions within the basin
and increasing runoff in the longer term. In the
FFS, climate change could further increase the
already high year-to-year variability of wet and dry
season flows, as well as the frequency and
intensity of floods and droughts, reversing the
reduction of flooding (and wetlands) caused by
current developments in the DFS. In the longer
term, the increased average flood season flows
could be offset by the increased tributary storage
envisioned in the FFS and LFS.

The impacts of climate change on eco-systems
and agricultural practices, as well as the
identification of practical measures to combat
droughts and extreme flooding, deserve careful
study. The major significance of climate change is
sea level rise. Combined with the likelihood of
increased flooding, uncertainties of
geomorphological impacts on the delta, and
acknowledging the development pressures in both
Cambodia and Viet Nam, the threat of sea level
rise requires extensive study before a strategy for
the Mekong Delta can be framed.

Distribution of benefits and risks

The DFS is for a considerable part ‘shaped’ by the
flow changes caused by the hydropower
developments in the Upper Mekong Basin. All four
LMB countries are both benefitting and impacted
by the DFS. In the FFS, excluding the proposed
LMB mainstream dams, all countries will benefit
economically, but Lao PDR, being the largest
investor, would benefit most. The incremental
impacts compared to the DFS are mainly
associated with the additional 30 tributary dams in
Lao PDR and Cambodia, and these impacts are
mostly felt in these countries. The incremental
transboundary impacts of the FFS without LMB
mainstream dams are small compared to the
transboundary impacts caused by the DFS.

In the FFS including all 11 LMB mainstream
hydropower dams, Lao PDR would gain two-thirds
of the economic benefits, while Thailand and Viet
Nam benefit from hydro-electricity sharing.
Cambodia’s economic benefits would be low
compared to its investments, due to adverse
impacts on their capture fisheries and a less
attractive mainstream hydropower project. Also
the incremental impacts compared to the DFS are
distributed unevenly. Cambodia and Viet Nam
would be hardest hit by the risks from the
proposed mainstream dams in Cambodia and
southern Lao PDR. The uneven distribution of
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both benefits and risks across the four countries
highlights the need for transboundary cooperation
to reach mutually acceptable decisions.

Limitations of the assessment
process

The assessment process as described above has
been the product of extensive dialogue and
consensus building between the LMB countries.
This collective effort has led for the first time to the
countries coming together to put forward their
individual development aspirations and examine
these within an agreed framework of shared aims
and concerns.

It is recognised that there are limitations to the
current assessment process, which should be
borne in mind when considering the outputs from
the assessments. The limitations and associated
risks and uncertainties are related to several
aspects of the scenario formulation and
assessment process, including sufficiency of
available data and the assumptions made. These
are highlighted below; a detailed description of the
full range of limitations, risks and uncertainties is
provided in this report.

The main assumptions that should be borne in
mind when considering the outputs from the
assessments include the following:

U The developments embodied within the
scenarios are limited to primarily those plans
put forward by the countries to exploit
opportunities for hydropower development
and irrigation of mainly rice-based farming
systems. Nevertheless, through the
assessment process, key issues have been
identified related to other forms of
development such as management of capture
fisheries, environmental protection, poverty
alleviation etc, which may be expected to
form a key part of integrated water resources
management within the basin.

O The values of impacts are based on the
assessment of the changes brought about to
the 2008-09 economic, social and
environmental landscapes. Thus, for instance
the social characteristics of vulnerable people
within affected communities in 2030 will be
assumed to be those of 2008-09. Clearly
these landscapes will change as a result of
circumstances outside the water resources
sector.
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O Autonomous and/or exogenous conditions are
not included generally with the one exception
of aquaculture (for which the growth potential
has been estimated). Examples of
circumstances that might change include: the
productivity of wild fisheries as a
consequence of fisheries management
practices and the numbers of vulnerable
people dependent upon the river's eco-
system as a consequence of continuing
socio-economic development.

Key areas where greater understanding is
needed about how impacts arise and how they
may be managed beneficially include:

U Social data: Detailed data sets are needed to
understand more fully demographic patterns
and social conditions in high impact areas in
particular in order to assess the dependency
of communities on water and related
resources and their resilience to changes in
these resources. In addition, studies are
needed to investigate alternative approaches
to managing proactively and beneficially the
impacts of water resource developments
amongst those exposed vulnerable water
resource users, taking into consideration
external influences on socio-economic
conditions and integrating with existing
national programmes.

O Fisheries data and response to changing
conditions: More information is needed on
fisheries and how the sector performs and will
respond to future changes are needed. Also,
investigation of alternative approaches to
better integrating fisheries management into
future basin development plans in a manner
that creates an appropriate balance with
water resources infrastructure development
and sustains fisheries production at levels
that meet consumer demands and minimises
impacts on the rural poor.

4 Water quality and sediments: The MRC
monitoring programmes for water quality and
sediments should be reviewed in the light of
the assessments in this report and, where
required, intensified and related to natural and
human-induced changes in the basin, such as
sediment trapping by dams, flood protection,
river training and sand mining.

U Ecosystems: Solid baseline is needed that
demonstrates how the different functional
units of the ecosystems, with their different
structures, composition and time frames,
interact and function together, and what are
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the roles of flows (water, sediment and
nutrients) and connectivity.

O Flood-related impacts upstream of Kratie:
More detailed modelling in this area would be
beneficial to understanding the impacts of
flow changes on the different reaches
upstream of Kratie, and how mainstream
dams will impact upon these.

U4 Flood plain management: Addressing the
long term challenges presented by climate
change, sea level rise, economic and
infrastructure development within the
Cambodian and Viet Nam flood plains,
including the Tonle Sap to determine a long
term plan for rationalising these competing
demands in a sustainable manner, and which
would guide near term development choices.

U4 Climate change data: More information on
the trends and ranges of climate change and
extreme events that need to be incorporated
into basin planning and water-related sector
plans. Further studies are needed of the
implications of climate change on the basin’s
long-term hydrology, on agriculture and food
security and on ecological conditions and bio-
diversity.

The type and extent of the above limitations are
not unusual in scenario or ‘future looking’ basin
planning studies. They do not necessarily prevent
decisions being taken on what is an acceptable
scenario for defining how development, and
resource protection, can proceed. At issue is
whether the limitations are significant with respect
to, firstly, the evaluation of the particular impact
and, secondly, to the overall strategic decisions
that may be influenced by the particular
assessment. The analysis in this report shows that
the assessment results can be used to discuss
and determine future directions for water
resources development among the LMB countries.
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Baseline maps

The following maps are provided for the reader to have an initial understanding of the Lower
Mekong Basin. Further maps illustrating the set up of each scenario are provided in
Appendix B.

O Key hydrological features - baseline situation

O Population density - baseline situation

O Key environmental features - baseline situation

O Existing dams and hydropower — definite future situation
Q Irrigation coverage - baseline situation

O BDP planning areas and sub-basins

XV
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Introduction

Development context

A key part of the 1995 Mekong Agreement is the need for the four riparian countries to
cooperate in the formulation of a basin devel opment plan that would be used to identify,
categorize and prioritize the projects and programs to seek assistance for and to implement at
the basin level.

Further, the countries have agreed to undertake this planning to achieve the full potential of
sustainable benefits to all riparian countries and the prevention of wasteful use of Mekong

River Basin waters, with emphasis and preference on joint and/or basin-wide devel opment

projects and basin programs.

Thisimpliesthat basin water planning necessarily should seek to obtain a balance between
water resources development and water resources protection, in away that all the four sovereign
countries agreeis fair and equitable, expressed in social, economic and environmental terms.

The Mekong basin cooperation model is built on cooperation, coordination and mutual respect.
Development of acommon understanding of the transboundary issues s critical to
understanding the importance of the environmental and social

values and assets of the basin, and how these can be used and Priorities IWRM issues

expressed in IWRM Strategic

managed in the future development. Directions (2005)

, : Q E ic devel t and
MRC has reaffirmed the fundamental aims of the 1995 ooverty alleviation
Mekong Agreement through the MRC Strategic Plan 2006- O Environmental protection
2010 as being an economically prosperous, socially just and O Social development and equity
environmentally sound Mekong Basin and that thisshould be & Dealing with climate variability
achieved through adopting an integrated water resources Q ;”Jgrm:ggget?:ﬁ? ARG

2 .

mgnagement (IWRM)_ appro.ach - The IWRM Strategic B Rl
Directions document identifies eight major areas of IWRM O Governance
that are seen as most relevant to the MRC' s goal s of O  Integration through basin

sustainable, optimal and equitable development. planning

! Agreement on the Cooperation for the Sustai nable Development of the Mekong River Basin, signed on 5 April 1995 at Chiang Rai,
Thailand. By the Kingdom of Cambodia, the Lao People's Democratic Republic, the Kingdom of Thailand and the Socialist Republic
of Viet Nam

2 |WRM Strategic Directions, MRC 2005
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Development trends and plans
The Mekong River Basin

The M ekong River flows for ailmost 4,800 km from its source in Tibet through China,
Myanmar, Lao PDR, Thailand, Cambodia and Viet Nam via a Deltainto the East Sea, draining
abasin area of 795,000 km? and with amean annual discharge of approximately 475 km®. The
per capita water resources are high relative to other international river basins. The flow from
the Lancang-Upper Mekong Basin contributes 16% of the average annua flow in LMB but up
to 30% of dry season flow®. Thereisavery large difference in wet and dry season flow, caused
by the southwest monsoon, generating wet and dry seasons of about equal length. Inter-annual
variability islargein terms of river discharges, flooded areas, and the start and end of the wet
and dry seasons. The seasonal cycling of water levels at Phnom Penh causes the large water
flow reversal to and from the Great L ake viathe Tonle Sap, with the associated flooding and
drying creating arich ecology. The Mekong is the second most bio-diverse river in the world
after the Amazon, and supports the world' s largest fresh water capture fishery of about 2.3
million tons per year.

The LM B population in 2007 was estimated at 60 million, with about 90% of the population of
Cambodia (13 million), 97% of the population of Lao PDR (5.9 million), 39% of the population
of Thailand (23 million), and 20% of the population of Viet Nam (17 million in the Deltaand 3
million in the Central Highlands) living within the basin. Population growth in the basin is 1-2%
in Thailand, Viet Nam and Cambodia, and 2-3% in Lao PDR. Although urbanization is
occurring in al LMB countries, about 85% of the basin’s population livesin rura areas.

Thelivelihoods and food security of most of the rural population are closely linked to the river
system, with over 60% of the economically-active popul ation having water-related occupations
that are vulnerable to water-related shocks and degradation. Millions of poor people depend on
capture fisheries for food security and income. While all LM B countries are making good
progress towards achieving the MDGs, about 25% of the population of Cambodiaand Lao PDR
has incomes below the poverty line, with much higher percentages in many rura areas. Food
security and malnutrition pose great challenges. About half of all households have no safe water
supply and half of all villages are inaccessible by all-weather roads. Throughout the LMB,
inequalities are generally increasing between urban and rural groups.

Current water resources devel opment and management

The aver age annual withdrawalsfor agricultural, industrial and other consumptive usesin the
LMB are about 60 billion m®, or 12% of the Mekong's average annual discharge. There are

3 The dry season can be defined in many ways, but in this report the months of December to May inclusive are treated as the “ dry season”.

Assessment of Basin-wide Development Scenarios - Main Report 2011



Assessment of Basin-wide Development Scenarios
Main Report

currently only minor diversions from the mainstream upstream of the Deltain Viet Nam
although large-scale diversions are being considered. Existing reservoir storage of water isless
than 5% of the mean annual flow, insufficient to redistribute water significantly between
seasons. Groundwater use in the Basin is modest except in Northeast Thailand and Viet Nam
where surface water is scarce during the dry season; sustainable groundwater development
potential requires careful assessment.

Agricultureisthe dominant water-related sector, particularly in Thailand and Viet Nam
whereas agriculture in Cambodiaand Lao PDR is currently lessintensively developed. Overall,
the dry-season irrigated area of about 1.2 million hectaresisless than 10% of the total
agricultural areain the LMB (15 million hectares). Expansion of the present levels of irrigation
islimited by the availability of dry season flows. The dry season flows reaching the Viet Nam
Deltaare fully used for economic, environmental and socia purposes, including combating
seawater intrusion.

Thefull hydropower potential of the LMB is estimated at 30,000 megawatt with 10%
developed to date. Navigation isimportant but largely undeveloped as an integrated transport
sector. Efforts to reduce the vulnerability to mgjor floods have primarily been by non-structural
measures. Water resources have been developed on asmall scale for the improvement of
wetlands and aquaculture. River-related tourism isimportant for national revenue and local
income generation.

Monitoring indicates the river’ s resilience to current human-induced pressures. The flow
regime of the mainstream is mostly in its natural state, although tributary dams impact some
mainstream locations. Water quality is generally good, except in the Delta and other areas with
extensive development, where high nutrient levels are a cause for concern. Theriver’s annual
flood pulse continues to support arich fishery, although there are reports of declining catches.
However, the outlook for the basin’s forests is not so positive, with increasing demand for
timber and land causing deforestation and soil degradation.

Basin fauna, including 14 critically endangered species, 21 endangered species and 29
vulnerable species, are threatened by rapid developments that will alter habitats and
mechanisms which are essential to sustain high ecosystem productivity.

Water resour ces management in the LMB isamix of a“cooperative and coordinating model”
at the basin-scale, facilitated through the MRC, and four national models, reflecting individual
sovereignty, custom and administrative systems. MRC acts as afocal point for cooperation,
assisting in achieving basin-scale aims through provision of shared information, technical
guidance and mediation. Each country is embracing IWRM adapted to its needs, with clear
statements of national water policy and strategy supported by strengthened institutional and
regulatory frameworks. This identifies the agency responsible for water resources management,
empowered by ongoing modernization of water resources legislation. In all LMB countries,
river basin organi zations/committees are being established for participatory water management
at the catchment and local level.
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Development trends and emerging issues

Theregion israpidly growing and integrating into the world’s economy. Fluctuating oil and
gas prices, an emphasis on renewable and non-fossil fuel generation and the availability of
private finance, are making hydropower increasingly attractive and accelerating its devel opment
in the LMB. Global food shortages and rising prices can make irrigation more profitable in the
LMB, while irrigation development may attract foreign investments seeking intensified and
diverse food production.

Climate change models for the Mekong mainstream flows predict higher flood season flows
and largely unaffected dry season flows. The Deltais highly vulnerable to sealevel rise. Water-
related planning must adapt to globa economic trends and to climate change in order to ensure
sustainability.

Integration isasignificant trend in the Greater Mekong Sub-region (GMS). LMB countries
are al members of the Association of South East Asian Nations (ASEAN) and signatories to
ASEAN agreements for economic integration and promotion of regional approaches to sector
development. In the GM S cooperation framework, the countries are working together on sector
approaches and priority programmes, with energy sector activities promoting regional power
trade to devel op the sub-region’s energy potential, the facilitation of the devel opment of grid
interconnection, and private sector investment. The GM S Core Environmental Programme is
improving environmental planning and management capacities for strategic environmental
assessment of sector strategies and plans, promotion of pro-poor biodiversity conservation
corridors, and environmental management.

Chinaiscompleting its hydropower cascade on the Lancang River. The Manwan,
Dachaoshan, Jinghong and Xiaowan dams are currently operational and the Nuozhadu Dam will
be completed in 2014. The Xiaowan and the Nuozhadu dams, with 9,800 and 12,400 million m3
of active storage, may cause significant seasonal redistribution of flow from the wet season to
the dry season and further reduce sediment transport in the Mekong mainstream, providing both
opportunities and risks to downstream countries.

Economic growth acrossthe LMB is expected to continue, supported by economic
diversification, regional economic integration, and investments in infrastructure and human
resource development. Lao PDR and Cambodia seek to graduate from least devel oped country
status, while Vietnam seeks middle-income status by 2030. Increasing populations and living
standards and growing economies will accelerate food and el ectricity demand.

In overcoming persistent rural poverty, it isessential to address the regular and devastating
effects of severe droughts and floods, which claim lives and property and cause substantial
economic losses. All LMB countries have poverty reduction strategies that include water supply
for drinking and irrigation, flood management, hydropower generation, fisheries and other uses
of Mekong water. Hydropower is projected to provide an important source of foreign exchange
earnings and revenues and contribute to the reduction of the climate change impacts.

Assessment of Basin-wide Development Scenarios - Main Report 2011



1.3

Assessment of Basin-wide Development Scenarios
Main Report

Hydropower development Lower Mekong Basin continues with 26 hydropower projects (>10
Mw) are under construction on tributaries, creating, together with the dams in China, 36 billion
m® of additional active storage. Over the next 20 years, further LMB dams are planned,
including 12 mainstream projects and 30 tributary dams, mostly in Lao PDR. All mainstream
dams are classified as “run-of-river”, with limited storage capacity and regul ation potential.
Many tributary dams include significant reservoirs, adding 21 billion m® of storage.

Thereare planstoincrease dry season irrigation by 50% (from 1.2 to 1.8 million hectares) in
the next 20 years, with Lao PDR planning to expand irrigation from about 100,000 to over
300,000 hectares. Mgjor irrigation expansion is being studied in Cambodia, linked to
investments in flood control in the undevel oped Cambodian Delta, and elsewhere linked to
hydropower development. Mainstream water transfers have long been considered by Thailand,
to complement national approaches to aleviate drought in the Northeast.

LMB countries also plan to further devel op aquaculture and improve fisheries management,
navigation, flood and drought management and tourism development. Aquaculture growth is
forecasted to double to 4 million tons in the next 20 years. Development on this scale will bring
both great opportunities and high risks. Cooperation will be needed to minimize and mitigate
these risks and to share the benefits across basin population groups.

Thereareincreasing opportunitiesfor the private sector and foreign “state-owned
companies’ in the development of water and related resources, such as hydropower, navigation,
large-scale irrigation, fishery and industry (mining, forestry, and tourism). In many of these
areas, private sector investment now exceeds that of the public sector. In comparison to
conventional public sector developments, private sector devel opments are more opportunity-
driven, with relatively short planning cycles and assessment processes. While private sector
participation is welcomed it needs to be open to public scrutiny and sensitive to civil society
concerns. Thiswill require effective regulatory systems, including enabling legislation and
regulations and enforcement capacity, as well as strong and empowered water resource
management agencies.

Approach to developing a basin-wide development plan

The earlier stages of the MRC’ s basin planning activities formulated arolling’ basin
devel opment planning process that followed seven stages as shown in Figure 1 overleaf, a
process which has been has been extensively discussed during BDPL1 and refined during BDP2.

The key feature of the processisthe necessary inter-play between national and sub-national
plans with the opportunities at basin-level that are made possible through effective
transboundary cooperation. The process adopted is one that seeks to ensure integrated
management of water resources across the basin. This requires recognition of the many different
uses that are made of water and the identification of the best mix of usesto achieve an
acceptably balanced and, as far as possible, optimal outcome in terms of social, economic and
environmental impacts. The key steps in the process are:
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Figure1l BDP planning cycle
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O Analysisof national and sub-national plans as affect water resources management;

O Aggregation of these plans and assessment of their impacts upon the sustainability of the
available water resources, mindful of exogenous factors such as devel opmentsin the upper
basin and changes in climate, social and economic conditions;

O Identification of opportunities at basin-level to add value to the plans through mutual
cooperation and by adopting afully integrated approach to water resources management;
and

O Feeding back these opportunitiesinto national and sub-national plans and fostering a
common IWRM-based approach throughout the basin

Within this context, the IWRM-based Basin Devel opment Plan has been defined as arolling
plan set within a 50-year horizon, addressing planning requirements over the next 20 years and
to be updated every 5 years reflecting actual development progress, changing social, economic
and environmental circumstances and evolving national priorities. The Plan comprises three
main components, viz.:

O Basin-wide Development Scenarios, which will facilitate Governments and other
stakeholders in devel oping a common understanding of the most acceptable balance
between resource development and resource protection in the various parts of the LMB.
Each considered scenario represents a specific balance between economic, social and
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environmental objectives. The results of the economic, environmental and social assessment
of the considered scenarios will guide the formulation of the IWRM-based Basin
Development Strategy.

O IWRM-based Basin Development Strategy, which provides a shared vision and strategy
of how the water and related resources in the LM B could be developed in a sustainable
manner for economic growth and poverty reduction, and a coherent and consistent IWRM
planning framework that brings basin perspectives into the national planning process, and
vice versa. The results will guide the formulation of the Project Portfolio.

O A Project Portfolio of significant water resources development projects and supporting
non-structural projects that would require either promotion or strengthened transboundary
water governance, as envisioned in the 1995 Mekong Agreement.

The IWRM-based Basin Development Strategy will support national and transboundary
planning, decision-making, and governance processes. It will consider various levels, or
packages, of nationally-proposed water related devel opment, resource protection and ‘ peopl€e
related projects and actions, and focuses on how these devel opments, projects and actions could
proceed in away that meets national objectives and goals, strengthens regional and national
institutional and management arrangements and within agreed IWRM guidelines and concepts.

The most sensible option to determine what might be the * acceptable future levels of
development’ in away that is sustainable from a basin perspective and mutually beneficial to
the LMB countries, based on a basin-wide dialogue of the results of a comprehensive
assessment of basin-wide development scenarios, supplemented by other assessments, such as
the Strategic Environmental Assessment (SEA) of proposed mainstream dams.

The approach is shown diagrammatically in Figure 2 overleaf. The processisdriveninitialy by
the assembly of country and sub-area plans (including aspirations), together with specific
information on current and potential infrastructure developments and a wide range of
information on how these may impact on environmental, social and economic conditions.

A range of expected or possible development scenarios comprising different types and level of
infrastructure devel opment are then each assessed as to how these would affect year-round
flows within the main river system. The transboundary impacts are then assessed in the light of
the predicted flow changes and by drawing upon the wealth of other knowledge and information
available to the MRC on likely and possible impacts.

Through examining the impacts of these scenarios and by a process of judgement by each
country as to what levels of impact are mutually acceptable, the process leads to identification
of development opportunities that are both mutually beneficial and acceptable in terms of levels
of transboundary socia and environmental impacts.
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Figure 2 . Towards Developmgnt National and basin-wide Sub-area profiles and
Opportunity Space and Strategic assessments and plans strategies
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\ 4 A 4
In addition, the understandi ngs Basin-wide development Idgntification of watgr-related
. scenarios issues, opportL_lnmes and
reached through undertaking the constraints
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identification of issues where specific 1 1
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. Assessment of flow t bound
where there is an apparent need to S economic, social and

environmental impacts
and IWRM requirements

eg:abl |Sh beSt praCtice in availability and use
implementing specific types of
devel opment.

Apart from water resources

development opportunities that are Development
Opportunity Space

often primarily focused on economic
growth (industrial water supply, dovelopment and management
irrigation, hydropower and flood

protection), the * Development Opportunity Space” (DOS) also contains a range of water -
related opportunities that would contribute significantly to improving livelihoods (fisheries,
flood warning, watershed management, biodiversity conservation, safe river trade, climate
change adaptation) or improves the management of water and related resources (basin resources
monitoring systems, navigation systems, and policy, institutional and capacity development).
Together, these two areas of the DOS represent the opportunities for coordinated basin

devel opment and management.

Table 1 overleaf showsthat the DOS is an intermediate step in the filtering process that moves
from considering the full range of project possibilitiesto eventually a portfolio of projects that
both meets a shared vision among member countries and satisfies the prevailing regulatory
requirements at national and regional levels. It does NOT in any way indicate endorsement of
any national plan and project that are brought into the scenarios. It provides a broad picture of
what level of basin development would be acceptable to the LMB countries, based on the
examinination of the transboundary environmental and social impacts. For an opportunity to
move to the stage of project identification and feasibility, it needs to pass through national
planning and assessment processes and transboundary approval through the MRC Procedures,
where applicable.
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Table 1

Stages

Assessment of Basin-wide Development Scenarios

Process

Main Report

Moving towards sustainable development of water resources

Main Supporting Tools

IWRM-based assessment of
combined national water
resources development plans,
water-related sector plans and
other possible developments

National and regional discussions to
define the basin-wide scenarios and
environment, social and economic
assessment objectives and criteria

Expert and participatory assessment
process and verification of results

The comprehensive assessment
of basin-wide development
scenarios;

SEA of proposed mainstream
dams;

Other basin-wide assessment.

DOS: identification of the total
package of basin-wide water
resources development and
water-related opportunities

National and regional discussions and
negotiations on acceptable levels of
basin development

This could include options for benefit
and impact sharing that will enhance the
DOS

The comprehensive assessment
of basin-wide development
scenarios;

Strategic Priorities;

Studies of strategic importance.

Identification of water
resources development and
water-related projects, using
the DOS

Project identification, also considering
alternative options within and outside the
water sector;

Notification and incorporation in Project
Master Database

Broader (regional and national)
sustainability considerations;

Strategic Priorities;
Option analysis;

Project Master Database.

Preparation of water
resources development and
water-related projects

Project preparation, including where
applicable feasibility studies, ElAs, etc.

Periodic updates of Project Master
Database

Broader (regional and national)
sustainability considerations;

Strategic Priorities;
WRM and sector guidelines;

Project Master Database.

Transboundary approval of
identified projects

Implementation of MRC Procedures

MRC Procedures;
Strategic Priorities;
WRM and sector guidelines;

Project portfolio.

Implementation and
operation of agreed projects

In accordance with regional and national
standards, values and safeguards

National laws and regulations;

WRM and sector guidelines.

The DOS can also be enhanced as countries use it as a ‘ cooperation space’ or ‘ negotiation
space’ to explore mutually beneficial options, including benefit and impact sharing agreements
that go beyond the specific project level and bring other opportunities outside the water-rel ated
sectors into consideration.

Planning through a participatory approach

Thefocus of both phases of the MRC’ s Basin Development Plan programme (BDP1 and BDP2)
has been on planning through a participatory approach in which, primarily, each of the four
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member States has been fully engaged and steering the planning process through collective
decision taking at every stage since inception of the BDP.

Within this, the role of the MRCS has been to provide expert guidance and facilitation of the
process. During BDP2, much of the burden has fallen on the BDP' s Regional Technical
Working Group (RTWG), made up of experts drawn from key Government agencies and
relevant institutions in each country, supported by the National BDP Units from the National
Mekong Committee Secretariats (NMCSs) and MRC Programmes.

The NMCSs have also arranged extensive consultations within their respective countries, which
together with the RTWG have provided much valued guidance to the planning process and
related technical assessments. The authors of this report express their great appreciation of the
guidance and advice provided by each country.

Steps have also been taken to ensure that the wider stakeholder groups have a so been involved
in the process. To this end, and to assure transparency at al stages, all relevant documents have
been posted on the MRC web-site. In addition regular meetings have been held with the BDP' s
stakeholder forum (comprising representatives from each country, from the NGO communities,
research institutes, Devel opment Partners and others) to keep stakeholders informed of the
process and to elicit feedback and suggestions on key issues.

A summary of the main consultations held over the last two yearsis provided in Table 2 below,
illustrating the commitment made by BDP to ensure relevance and quality of the formulation
and assessment processes for the basin-wide development scenarios.

Table 2 Summary list of main consultations held during BDP2

Event No of meetings Participants Objective

MRC Joint Committee 8 at the regional level 20-40 Review and approval of scenario

meetings formulation and assessment

National 12 at the regional level 5 Advisory, facilitation and

advisors/facilitators mediation services

Regional BDP stakeholder Annually at the regional level 150-300 Discussion of national positions

forums at the regional level

Regional Technical 9 at the regional level 40-60 Technical validation of

Working Group assessments

National consultations 4-7 in each country 20-40 Development of national policy
and negotiation positions

Sub-area forums 2 in priority sub-areas 50-100 Data and information
improvement

Transboundary meetings 1 in the 3Ss basin 120 Discussion of scenarios and
improvement of transboundary
cooperation

Various meetings with 6 10-100 Discussion of assessment

interest groups (M- approaches, methodologies,

POWER, private tools, data, results etc.

developers, etc.)

10

Assessment of Basin-wide Development Scenarios - Main Report 2011



2.1

Assessment of Basin-wide Development Scenarios
Main Report

Scenario assessment approach

Purpose and scope of the scenario assessment

The background to and the overall intent of the Assessment of Basin-wide Development
Scenariosis set out in Technical Note 2 of this report Scoping and planning of the assessment of
basin-wide development scenarios, March 2009, which was prepared in consultation with the
MRC member countries. The methodol ogies employed are set out in a subsequent set of reports
prepared by the BDP assessment team entitled Economic, environmental and social impact
assessment of basin-wide development scenarios - Assessment methodol ogy dated and discussed
with RTWG in October 2009 (Technical Note 3). The methodol ogy report contains an overview
of the assessment approach together with individual annexes detailing the methodologies for the
hydrological, environmental, fisheries, social and economic assessments.

The purpose of assessing each scenarioisto provide an appreciation of how different water-
related devel opments within the basin impact upon economic, environmental and social
objectives of the MRC member countries so as to enable the examination of the trade-offs
between different types of development. The scenarios were selected by the countries and fall
into four main categories:

O Baseline situation — establishing the reference situation as regards hydrological, economic,
environmental and social conditions against which all future devel opments can be compared
- this has been agreed as the hydrological situation of 1985-2000 and the socio-economic
situation of the year 2008-2009;

O Definitefuture situation —looking at developments that are fully expected to occur by
2015 (ie are existing, under construction or already committed) including the new damsin
the UMB and other significant reservoir developmentsin the LMB;

O Foreseeablefuture situation —looking at country plans that they have put forward for
development in the next 20 years through to 2030, including 11 mainstream dams and
variants on these, other tributary dams (mainly for hydropower development), irrigation
expansion and rising water supply demands; and

O Longterm future situation —looking at two levels of development that might occur in the
very long term, as formulated by the countries and how these may impact upon near term
decisions.

The scope of the assessment of the devel opment scenarios is triple bottom line, i.e. embracing
economic, social and environmental cumulative impacts, at alevel of detail that enables
decisions to be reached based on the key transboundary impacts of different developments at
basin scale. The scope of assessmentsis expressy not to endorse specific project-level

11
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interventions, which will require detailed studies of their own to confirm their individual
viability and acceptability.

The extent of the assessment is focussed on those areas where the devel opments within the
scenarios may be expected to impact upon the eco-system and/or on the livelihoods of those
dependent upon the river system and related natural resources. These areas include:

O Those areas directly affected by changed hydrological and water quality conditions
(including sediments) in the mainstream, being a corridor aong the mainstream and up
tributaries where flooding and backwater effects may occur, extending to the coastal areas
of Viet Nam;

The Tonle Sap and adjacent areas and the flood plainsin Cambodia and Viet Nam;

Those areas where there is direct dependence upon capture fisheries, including rivers,
natural water bodies and other wetland areas both connected and disconnected from the
mainstream;

Those areas within the LMB whereirrigation is practiced; and

Those other areas where socio-economic impacts are expected to directly arise asadirect
impact of the developments proposed in each scenario, in general, but not limited to, being
those areas affected by dam and reservoir construction.

Scenario formulation

The basin-wide devel opment scenarios under current consideration by the BDP2 contain arange
of economically-driven developments that will or may be taken up within the next 20 years.
Both 20-year and longer-term devel opment scenarios (50 years) are assessed with and without
the potential impacts of climate change.

The scenarios (see Figure 3 overleaf) have been formulated by each country to help build an
understanding of the potential economic, environmental and socia impacts (in relation to
current conditions) of

O The Definite Future Scenarios — devel opments within the Upper and Lower Basins that
are already under implementation and expected to be in place within the next 5 years (by
2015). These include the completion of six of the cascade of hydropower dams on the
Lancang River, referred to as the Upper Mekong Dam Scenario (UMD), and the
completion of 26 hydropower projects in the tributaries of Lower Mekong Basin (LMB),
which together with the UMB comprise the Definite Future Scenario). No significant
expansion of irrigation development is assumed in this scenario.

O The Foreseeable Futur e Scenarios — which comprise the developmentsin the DF plusthe
devel opments which each country has put forward as being within their plans and
intentions to implement within the next 20 years. These comprise further hydropower

12
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development in the tributaries and on the mainstream and irrigation development. The
scenarios have been structured to investigate the alternative impacts of these developments
with and without different combinations of mainstream dams. In addition, the Foreseeable
Future Scenarios separately consider various flood management projects within the
Cambodian — Viet Nam floodplain with respect to their impacts on baseline conditions.

O TheLonger-term Scenarios— which represent apossible (but not currently planned)
continuation of the Foreseeable Future with the main purpose of examining the potential
impacts of further development of hydropower and irrigation devel opment on the eco-
system and on livelihoods. These are considered at two levels: Long-term Devel opment,
being notionally those that might logically follow on from the developmentsin the
Foreseeable Future 20-year plan and Very High Devel opment, being an extreme case
including virtually all potential hydropower and irrigation developments.

A full list of the thirteen scenarios considered in the assessment is presented overleaf in Table 3.

Figure4 Concept of development choices
Asillustrated in Figure 4, the

2000 2015 2020 2030 )
assessment of these different
scenarios has been undertaken in

- Incremental value
of choices amanner that enables an
Optional (scenario less understanding to be built up
== deme e about what changes will occur
within the next 5 years, which
Definite futyre development Total value of areal ready set in motion by past
choices L.
c td | . (scenario less deCISIOHS, and What Other
rrent aevelopmgen
1 . current) developments may be taken up,

about which there are choices
that can still be made. The merits and demerits of those choices are represented by the
difference between the scenario in question compared to the definite future scenario, as
illustrated above.

The values of impacts are based on the assessment of the changes brought about to the 2008-09
economic, social and environmental landscapes. Thus for instance the social characteristics of
vulnerable people within affected communities in 2030 will be assumed to be those of 2008-09.
Figure5 Changing economic,
social and environmental landscapes
Clearly these landscapes will change as a result of N
circumstances outside the water resources sector. At issueis
whether the difference between a changing and a constant
landscape is significant with respect to, firstly, the evaluation
of the particular impact and, secondly, to the overall
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assessment. If thisistrue in both instances, then it is
appropriate to recommend more detailed studies.
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Table 3 Scenarios under consideration

No. Short Title Full Title

Assessment of Basin-wide Development Scenarios

Development

Main Report

Interventions/Projects

Period
Baseline situation
1 BS Baseline Scenario Year 2000 infrastructure including
existing HEP dams
Definite future situation
2 2015-UMD Upper Mekong Dam Scenario 2000 - 2015 Baseline extended to include the full
HEP cascade on the Lancang
3 2015-DF Definite Future Scenario 2000 - 2015 2015-UMD plus 26 additional HEP
dams in LMB and 2008 irrigation and
flood measures
Foreseeable future situation
4.0 2030-20Y LMB 20-Year Plan Scenario 2010 - 2030 2015 DF plus 11 LMB mainstream
dams and 30 planned tributary dams,
irrigation, and water supply
4.1 2030-20Y+CC LMB 20-Year Plan Scenario 2010 - 2030 As above plus climate change for
Climate change average year between 2010-30 and
17cm sea level rise*
5 2030-20Y-w/o LMB 20-Year Plan Scenario 2010 - 2030 As above, excluding 11 LMB
MD without mainstream dams mainstream dams
6.1 2030-20Y-w/o LMB 20-Year Plan Scenario with 6 2010 - 2030 As above plus 6 LMB mainstream
LMD mainstream dams in Northern Lao dams in upper LMB
PDR
6.2 2030-20Y-w/o LMB 20-Year Plan Scenario with 9 2010 - 2030 2030-20Y, excluding the two Thai
TMD mainstream dams, excl. Thailand mainstream dams
6.3 2030-20y-w/o LMB 20-Year Plan Scenario with 9~ 2010-2030 2030-20Y, excluding the two
CMD mainstream dams, excl. Cambodia Cambodian mainstream dams
7 2030 — 20Y Mekong Delta Flood Management 2010 - 2030 Baseline plus 3 options for flood
Flood Scenario control in Cambodia and Viet Nam
Delta
Long term future situation
8.0 2060-LTD LMB Long-term Development 2030-2060 2030-20Y plus further infrastructure
Scenario developments in LMB
8.1 2060-LTD+CC LMB Long-term Development 2030-2060 As above plus climate change for
Scenario average year between 2030-50 and
Climate change 30cm sea level rise
9 2060-VHD LMB Very High Development 2030-2060 As 2060-LTD, extended to full
Scenario potential infrastructure developments

4 See Technical Note 3, Assessment of Flow Changes for further explanation.
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Scenario assessment process

The assessment of each scenario has being undertaken following the Assessment Methodol ogy
presented in draft in October 2009 (as summarised in the process chart in Figure 6), which
includes a description of the underlying data used and intended methodol ogies.

A total of 74 parameters have been used to assess each scenario, falling into seven assessment
areas that reflect the sequencing of the overall assessment process as summarised in Figure 6.
These categories are;

U Hydrological assessment 4 Environmental assessment
U Land use and condition assessment 4 Economic assessment

4 Water quality and geomorphology 4 Social assessment

U Production assessment

These 74 parameters are then aggregated to evaluate the 42 criteria which are used to assess the
degree to which each scenario responds to 12 devel opment objectives. These objectives were
previoudy established under the IWRM-based BDP assessment framework for economic,
environmental, social and equitable development as being most pertinent for examining the
relative performance of each scenario. The three main summary indicators for equitable
development are finally assembled in the form of a decision support chart to help readers
appreciate the main characteristics of each of the Foreseeable Future Scenariosto helpin
making their choices.

The 12 development objectives and 42 criteria, making up the triple-bottomed line assessment
framework, are set out in Table 4 overleaf. In addition and on the basis of feedback during
consultations, for the convenience of decision takers a further summarisation has been made of
nine criteria as listed below:

Wetland extent

Bank erosion

Capture fisheries
Water quality
Environmental hotspots

Overall environment impact
Livelihoods

Economic production

Other economic impacts

Oo00D
oo0oo

A common approach has been adopted in all assessments, for which the key elements are as
follows. Asregards timelines, the following data sets have been used for assessing impacts of

the scenarios:
Base data Timelines
U Impact assessment baseline year: 2000 U Hydrological baseline (for comparison of
U Definite future scenario: Incremental flows only): 1985-2000
change 2000-2015 U4 Economic productivity, social and
U 20 year plan: Incremental change 2000- environmental impact data baseline: 2008-
2030 09 (approx)
U Long term development: Incremental 4 Economic prices: constant 2009

change 2000-2060

16
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Figure 6  Assessment flow chart of individual scenarios
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Table4 Assessment criteria
Specific development Issue Assessment criteria Unit
objective
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area '000 ha
agricultural production tonnage and value Crop production Mtonne / yr
Net economic value NPV US$M
1.2 Increase hydropower Hydropower capacity, Installed capacity MW
production power generated and Power generated GWhlyr
value Net economic value from generation NPV US$M
Net economic value from purchased NPV US$M
1.3 Improve navigation River transport Navigable days by class '000 boat-days
Net economic value NPV US$M
1.4 Decrease damages by floods  Extent and duration of Average area flooded annually to max 1.0m depth '000 ha
annual flooding by class Average area flooded annually > 1.0m depth '000 ha
Net economic value of flood damage NPV US$M
1.5 Maintain productivity of Capture fisheries and Annual average capture fish availability Mtonne / yr
fishery sector aquaculture production Annual average aquaculture production Mtonne / yr
Net economic value of capture fish NPV US$M
2. Environmental protection
2.1 Maintain water quality and Water quality Total pollutant discharge tonnes / yr
acceptable flow conditions Water quality conditions Severity
Flow characteristics Average flow in March MCM
Average wet season peak daily flow m3/s
Average flow volume entering Tonle Sap MCM
Protection of forests Forest, marshes and grasslands flooded at Tonle Sap '000 ha
around Tonle Sap Net economic value NPV US$M
2.2 Maintain wetland Productivity of wetland Area of wetlands (forest, marshes, wetland) '000 ha
prod_uctivity and ecosystem ecosystems Net economic value NPV US$M
services
2.3 Manage salinity intrusion in Impact of salinity intrusion Area within delta within threshold level of salinity '000 ha
the Mekong delta on land use Net economic value NPV US$M
2.4 Minimize channel effects on River bank erosion Area at risk to erosion Severity
bank erosion and deep pools Net economic value NPV US$M
Flow and sediment Functioning deep pools No.
transport changes Induced geomorphological changes Severity
2.5 Conservation of biodiversity Impacts of flow Status of river channel habitats Severity
management changes on Flagship species no.
endangered species .
Unaffected environmental hot spots No.
Biodiversity condition Severity
Incremental net economic value of habitat areas NPV US$M
3. Social development
3.1 Maintain livelihoods of Health, food and income No. of people affected ‘000
vulnerable resource-users security Severity of impact on health, food and income security  Severity
3.4 Increased employment Incremental sustainable Incremental number of people engaged in:
generation in water related employmgnt from water Agriculture '000
sectors resource interventions ) )
Fisheries '000
Water-related service industries '000
Tourism '000
4 Equitable development
4.1 Ensure that all four LMB Aggregate benefits by Total net economic value NPV US$M
countries benefit from the country No. of people affected vulnerable to changes '000
development of water and )
related resources No. of jobs generated ‘000
Overall environment impact Severity
18
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The assessment tables (see Appendices B and C) generally record the incrementa impacts
occurring at the end year of each scenario relative to the 2000 baseline year, valued asif those
impacts occurred on the 2008-09 economic, social and environmental landscapes. Autonomous
and/or exogenous conditions are not included generally with the one exception of aquaculture
(for which the growth potential has been estimated). Economic values are expressed as the NPV
of the cumulative costs and benefits between 2000 and the scenario end year assuming thereafter
benefits and costs remain at end year values for the remainder of 50 years discounting period
(relating to life of infrastructure).

All criteriaare be evaluated for all scenarios. Where these cannot be reasonably be quantified
the following nomenclature has been used (where “0” is neutra).

Table 5 Severity ratings

Positive outcomes Negative outcomes
5 Extremely positive -1 Mildly negative
4 Highly positive -2 Negative
3 Very positive -3 Severely negative
2 Positive -4 Extremely negative
1 Mildly positive -5 Catastrophic

Reporting of scenario assessments

The positive and negative impacts of al scenarios as reflected by the 74 parameters are set out
in Appendix B.

These are presented in three tables for each scenario astotal values, incremental with respect to
the Baseline and incremental with respect to the Definite Future Scenario. Maps of the main
devel opments incorporated in each scenario are presented in this Appendix as well.

These results are then summarised in Appendix C to show the assessment outcomes on the 14
issues (and 42 criteria) within the agreed assessment framework. These are similarly presented
for al scenarios as total values, incremental with respect to the baseline and incremental with
respect to the Definite Future Scenario.

The outcomes with respect to each country and to the LMB overall are then presented in
Appendix D for the incrementa impacts of each scenario against both the baseline and the
Definite Future Scenario.

The Flood Management Scenarios have been assessed by FMMP Component 2 as a separate
exercise and these are summarised in Appendix A.

19
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A discussion of the overall findingsis presented in Chapter 3 to help develop an overall
understanding of how the different scenarios impact on the different sectors under consideration.

Chapter 4 then examines the merits and demerits of each scenario in relation to national
objectives (as expressed in the 20-year plans put forward) and to the overall aims of the MRC
members collectively to achieve the full potential of sustainable benefitsto all riparian
countries and the prevention of wasteful use of Mekong River Basin waters, with emphasis and
preference on joint and/or basin-wide development projects and basin programs.

Chapter 4 concludes with an overview of the potential opportunities presented by the scenarios
and adiscussion of the nature of tradeoffs that may be considered.

Thisisfollowed in Chapter 5 by areview and discussion of the significant planning risks and
uncertainties that emerge from the findings presented in Chapters 3 and 4.

Finally Chapter 6 takes the findings above and sets out the implications that may be drawn for
future planning and implementation of the developments that potentially may form part of an
agreed basin-wide devel opment strategy.

Limitations of the assessment process

The assessment process as defined above represents the product of extensive dialogue and
consensus building between the member countries, asillustrated earlier in Table 2. This
collective effort hasled for the first time to the countries coming together to put forward their
individual development aspirations and examine these within an agreed framework of shared
aims and concerns.

The approach to scenario formulation is set out in detail in the accompanying Technical Note 1°.
This approach was founded on an examination of national development plans and intentions and
set in the context of the urgent need expressed by the member countries to establish abasin
perspective of these devel opments. Each member country’ s plans offered different perspectives
reflecting different levels of plan preparation. Implementation of the approach also had to take
into account the ability of each country to make available the data and other information needed
to support the agreed process, which in some cases has constrained the depth of analysis
possible in these assessments.

It is recognised therefore that there are limitations to the current assessment process which
should be borne in mind when considering the outputs from the assessments. These are

® Technical Note 1, Scoping and Planning of the Assessment of Development Scenarios, MRC BDP, March 2009
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highlighted below for the benefit of the reader and also for those engaged in updating future
plans every five years under the proposed rolling process.

O Natureof developmentsconsidered in the scenarios. The developments embodied within
the scenarios are limited to primarily those plans put forward by the countries to exploit
opportunities for hydropower development and irrigation of mainly rice-based farming
systems. These interventions are those most likely to impact on basin’s hydrology and eco-
system.

Nevertheless, through the assessment process, key issues have been identified related to
other forms of development such as agricultural development, management of wild
fisheries, environmental protection, poverty alleviation etc, which may be expected to form
akey part of integrated water resources management within the Basin. Consideration of
these issues can inform, firstly, the preparation of the first ever Basin Development
Strategy, secondly the priority actions needed in these complementary areas and thirdly the
nature of further studies and planning required over the next five years to enrich future
editions of the development strategy. These are further discussed in Chapter 6.

O Alternativetypesof development: Article 1 of the MRC Agreement commits the MRC to
cooperatein all fields of sustainable development ... in a manner to optimize the multiple-
use and mutual benefits of all riparians and to minimize the harmful effects that might
result from natural occurrences and man-made activities. Asin the situation above, the
scenarios are made up of a series of specific infrastructure developments and the task at
hand and agreed with the countries has been to compare the relative merits and demerits of
these devel opments as grouped within the scenarios.

Whilst the task at hand has not been to develop or optimise these and alternative scenarios,
the assessment process does flag up where specific interventions (or groups of
interventions) may cause significant negative impacts, thus prompting consideration of
design improvements where appropriate. Again as above, the further studies and
requirements for additional guidance are discussed in Chapter 6.

O Factorsexternal tothewater resour ces sector: Section 2.2 sets out the approach adopted
in the assessments for dealing with circumstances external to the water resources sector,
namely that the impacts of water resource developments are measured against the prevailing
environmental, social and economic conditions in 2008-09 within an agreed baseline of
hydrologica and land cover as existed from 1985 to 2000. This ensures a transparent and
level playing field in examining the relative impacts of different scenarios. However, this
does not take into full account how the conclusions drawn might change in the future if
circumstances outside the immediate sphere of water resources management change.

Examples of circumstances that might change include: the productivity of wild fisheriesas a
consequence of fisheries management practices; the numbers of vulnerable people
dependent upon the river’ s eco-system as a conseguence of continuing economic

devel opment, urbanisation and poverty alleviation measures; agricultural practices as a
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conseguence of climate change, private sector development and/or changes in demand
patterns; evolving patterns of land use and land coverage as a consequence of population
growth and socio-economic devel opment.

Clearly how these and other circumstances will change in the future will have bearing on
how the basin’s water and rel ated resources should be best managed in line with MRC' s
vision for an economically prosperous, socially just and environmentally sound Mekong
River Basin. The process of arolling plan updated every 5 years is designed to address this.
Where appropriate, further studies are recommended in Chapter 6 to feed into the next
round of strategic planning.

O Dataand knowledge gaps: The situation with regard to exogenous circumstances in part
reflects that there are a number of data and knowledge gaps that inhibit detailed analyses of
certain issues. These are discussed further under risks and uncertaintiesin Section 5.2.

As much as possible these gaps are flagged up in the discussions of impacts that follow in
Chapters 3 and 4 so that the reader is aware of where uncertainties might significantly affect
the conclusions that may be drawn from the assessments made.

As above, it should be appreciated that this first assessment of basin-wide scenarios by the
MRC countries forms part of alonger term process. Opportunity has been taken therefore to
flag those data gaps which, from the understandings reached through this first assessment
process, are clearly of significance for future strategic decision making. These are
elaborated further in Chapter 6 in a manner that permits an increased focus of MRC on key
devel opment issues.
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Overview of assessment findings

3.1 Introduction

This chapter presents the findings from the scenario assessmentsin the form of an overview of

the impacts expected in different sectors. The purpose isto help the reader appreciate the many

different interactions between these sectors and how they influence the assessment of the

different scenarios, which are presented in Chapter 4. The presentation of these findings follows

broadly the order of the assessment process flow chart as set out previously in Figure 6.

The data used in each scenario set-up has been discussed extensively with each country and is

set out in detail in Volume 3, Technica Note 3 Assessment of Flow Changes. Table 7 overleaf

provides a summary of the key assumptions in each scenario and Table 6 below sets out the key

infrastructure data, the main aspects of which are summarised in Figure 7 to Figure 9.

Assumptions on future domestic and industrial water demands are set out thereafter in Table 8.

Table 6 Key scenario infrastructure data

Total installed HEP, MW Total active storage, MCM
Ref Scenario Lao Thailand Cambodia Viet Nam Total Lao Thailand Cambodia Viet Nam LMB UMB
1000 BS 621 245 0 720 1,586 5,593 3,276 0 779 9,649 257
2000  2015-UMD 621 245 0 720 1,586 5,593 3,276 0 779 9,649 23,193
3000 2015-DF 3,502 745 1 2,284 6,532 17,166 3,566 0 2,620 23,352 23,193
4000  2030-20Y 15,385 3,696 4,761 2,583 26,424 39,817 3,876 2,450 3,156 49,299 23,193
4001 2030-20Y+CC 15,385 3,696 4,761 2,583 26,424 39,817 3,876 2,450 3,156 49,299 23,193
5000  2030-20Y-w/o MD 7,919 745 481 2,583 11,727 36,972 3,566 380 3,156 44,073 23,193
6100 2030-20Y-w/o LMD 14,339 1,824 481 2,583 19,226 39,080 3,566 380 3,156 46,181 23,193
6200 2030-20Y-w/o TMD 15,385 745 4,761 2,583 23,473 39,507 3,566 2,450 3,156 48,679 23,193
6300  2030-20y-w/o CMD 15,385 3,696 481 2,583 22,144 39,817 3,876 380 3,156 47,229 23,193
7000 2030 - 20Y Flood 15,385 3,696 4,761 2,583 26,424 5,593 3,276 0 779 9,649 257
8000  2060-LTD 17,321 3,696 5,507 2,583 29,107 49,964 3,876 15,715 3,156 72,710 23,193
8001 2060-LTD+CC 17,321 3,696 5,507 2,583 29,107 49,964 3,876 15,715 3,156 72,710 23,193
9000  2060-VHD 17,816 3,696 5,590 2,583 29,684 57,995 4,186 18,895 3,156 84,232 23,193
Total irrigated area '000ha Total irrigated cropped area '000ha Cropping

Ref Scenario Lao Thailand ~ Cambodia  Viet Nam Total Lao Thailand ~ Cambodia  Viet Nam Total intensity
1000 BS 204 1,266 273 1,996 3,739 332 1,422 563 4,312 6,629 177%
2000 2015-UMD 204 1,266 273 1,996 3,739 332 1,422 563 4,312 6,629 177%
3000 2015-DF 166 1,355 273 1,670 3,465 271 1,756 563 4,218 6,807 196%
4000 2030-20Y 450 2,635 457 1,795 5,337 820 3,624 877 4,404 9,725 182%
4001  2030-20Y+CC 450 2,635 457 1,795 5,337 820 3,624 877 4,404 9,725 182%
5000 2030-20Y-w/o MD 450 2,635 457 1,795 5,337 820 3,624 877 4,404 9,725 182%
6100  2030-20Y-w/o LMD 450 2,635 457 1,795 5,337 820 3,624 877 4,404 9,725 182%
6200 2030-20Y-w/o TMD 450 2,635 457 1,795 5,337 820 3,624 877 4,404 9,725 182%
6300  2030-20y-w/o CMD 450 2,635 457 1,795 5,337 820 3,624 877 4,404 9,725 182%
7000 2030 - 20Y Flood 450 2,635 457 1,795 5,337 820 3,624 877 4,404 9,725 182%
8000  2060-LTD 715 2,760 678 1,813 5,966 1,335 3,896 1,833 4,890 11,953 200%
8001 2060-LTD+CC 715 2,760 678 1,813 5,966 1,335 3,896 1,833 4,890 11,953 200%
9000 2060-VHD 1,896 2,994 1,667 1,848 8,406 3,686 4,434 5,407 5,061 18,587 221%
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Table 7 Summary of scenario set-up data
Ref Short Title Hydrology Hydropower dams Irrigation and water
description China Mainstream Tributary supply demands
Baseline
1000 BS Baseline Scenario Standard 1985-00 First 1 no. None Existing in 2000 (15 no.) As in 2000
Definite future
2000 2015-UMD  Upper Mekong Dam Scenario Standard 1985-00 First 6 no. None Existing in 2000 (15 no.) As in 2000
3000 Definite future scenario Standard 1985-00 First 6 no. None Existing + 26 under construct. As in 2015
Foreseeable future situation (2030)
4000 2030-20Y LMB 20-Year Plan Scenario Standard 1985-00 First 6 no. All 11 dams Existing + 56 under construction  Existing + planned by
or planned by 2030 2030
4001 2030- LMB 20-Year Plan Scenario Climate change: First 6 no. All 11 dams Existing + 56 under construction  Existing + planned by
20Y+CC 2011-2050 or planned by 2030 2030
5000 2030-20Y-  LMB 20-Year Plan Scenario without Standard 1985-00 First 6 no. None Existing + 56 under construction  Existing + planned by
w/o MD mainstream dams or planned by 2030 2030
6100 2030-20Y-  LMB 20-Year Plan Scenario with 6 Standard 1985-00 First 6 no. 6 in northern Lao Existing + 56 under construction  Existing + planned by
w/o LMD mainstream dams in Northern Lao PDR only or planned by 2030 2030
6200 2030-20Y-  LMB 20-Year Plan Scenario with 9 Standard 1985-00 First 6 no. 9 dams excl. Pak Existing + 56 under construction  Existing + planned by
w/o TMD mainstream dams, excl Thailand Chom & Ban Kum or planned by 2030 2030
6300 2030-20y- LMB 20-Year Plan Scenario with 9 Standard 1985-00 First 6 no. 9 dams excl. Stung Existing + 56 under construction  Existing + planned by
w/o CMD mainstream dams, excl Cambodia Treng and Sambor or planned by 2030 2030
7000 Cam0 Early flood protection and full flood protection in Cambodia
7001 VNA Early flood protection and full flood protection in Viet Nam Mekong Delta Flood Management All co_r_lducted against baseline
Scenarios conditions
7002 CamOVNa  Combination of above
LMB long-term development scenarios
8000 2060-LTD LMB Long-term Development Scenario Standard 1985-00 First 6 no. All 11 dams Existing + 91 expected by 2060 Existing + expected by
2060
8001 2060- Climate change: First 6 no. All 11 dams Existing + 91 expected by 2060 Existing + expected by
LTD+CC 2011-2050 2060
9000 2060-VHD LMB Very High Development Scenario Standard 1985-00 First 6 no. All 11 dams Existing + 110 further Full potential
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3000: 2015-DF  5000: 2030-
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Table 8 Estimated future water supply demands
Country Year 2000 Year 2007 Year 2030 Year 2060
(BL and UMD) (DF) (20Y Plan) (LT and VH)
Population (million person)
Lao PDR 4.965 5.233 8.440 15.744
Thailand 22.271 23.079 24.725 27.050
Cambodia 10.830 12.954 20.524 31.344
Viet Nam 18.134 18.653 24,597 35.285
Highland 1.995 2.148 2.832 4.063
Delta 16.139 16.505 21.765 31.222
Total LMB 56.200 59.919 78.286 109.423
Annual domestic water use (million m3)
Lao PDR 116 203 388 705
Thailand 935 1,404 1,593 1,937
Cambodia 127 435 767 1,183
Viet Nam 443 488 1,090 1,554
Total LMB 1,621 2,530 3,838 5,379
Annual industrial water use (million m3)
Lao PDR 12 20 47 190
Thailand 94 140 239 581
Cambodia 13 20 108 331
Viet Nam 44 122 149 837
Total LMB 163 302 543 1,939

Hydrological impacts

The starting point of the assessments has been to determine the impacts of the devel opments set
out in the scenarios on the river system in terms of flow changes and flooding. The impacts that
these changes, together with the direct impact of the infrastructure included in each scenario,

have on basin’s eco-system and environmental assets are discussed in the following Section 3.3.

Changes in wet and dry season mainstream flows
The Definite Future Scenario - flow changesin the next 5 years

The damsin the UMB under construction will together introduce an additional storage of 22.9
BCM into the basin, which together with the completion of 26 hydropower projectsin the LMB

26
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with atotd active storage of 13.7 BCM, will increase the total active storage in the basin by
370% to an amount equivalent to 10% of the mean annual runoff (MAR). Thiswill have a
substantia impact on the natural flow regime of the mainstream, which previously has seen no
observed net change since recording began in 1915°.

This new storage is primarily for hydro-electric generation and will store, and release, water in
the wet season reducing flood peaks and, significantly, will release increased flows during the
dry season’. These changes will result in an increasein dry season flows at Kratie of 19% on
average and in March by 40% with water levelsrising by typically 0.8m. In contrast wet season
discharges will reduce by about 4% on average with peak daily flows reduced on average by
7%.

An overview of how daily hydrographs are expected change is given overleaf in Figure 10.
These illugtrate that the trends observed at Kratie above in general are reflected throughout the
length of the main stream. The difference between the baseline and the other scenariosis most
marked at the northerly end (eg Vientiane) where the influence of the UMD mainstream damsis
greatest and, as shown, this effect diminishes further downstream as the effect attenuates.

Foreseeable Future Scenarios - further changes up to 2030

The devel opmentsincluded in the Foreseeabl e Future Scenarios include the rapid expansion of
irrigation by 50% over and above current levels (asincluded in the Definite Future Scenario)
and the construction of afurther 30 tributary hydropower dams with an additional active storage
of 20.7 BCM (representing a 50% increase over the Definite Future Scenario), raising total
active storage in the basin to 15% of the MAR.

In addition the Foreseeable Future Scenarios include al or some of the 11 identified mainstream
damsinthe LMB. These are run-of river dams and potentially add up to only afurther 5.2 BCM
of active storage in total. Thus, in broad terms, the mainstream damsin the LMB would have
only amarginal effect on the overall mainstream flow volumes, which is reflected in the
similarity of all Foreseeable Future hydrographs asillustrated in Figure 10.

® While the developments so far on the tributaries have had localized impacts, the impacts on the flow regime of the mainstream have been
until recently insignificant. This is because the net impacts of past individual development in the sub-basins on the flows upstream of the
Viet Nam-Cambodia border are small compared to the unregulated flows from elsewhere in the basin. Evidence suggests that the increased
runoff that would have been expected to have occurred as aresult significant regional deforestation since the 1960's has been offset by the
retention and re-regulation introduced through the parallel expansion of bunded rice fields and, generally small scale, storage reservairs. The
construction of the damsin the Lancang in the UMB signals the first significant change to this long-established flow regime.

" In the flow analyses made for these and other scenarios, it has been assumed that all storages in the LM B would be operated to maximise
hydropower production. This method of operation means that generally reservoir operators will seek to ensure that their storages are full
towards the end of the wet season so as to maximise assured releases in the dry season. As a consequence, there tends to be less scope for
regulating late wet season floods than would be the case if the reservoirs were operated on the basis of flood control. Operation of the dams
in the UMB has been the subject of technical discussion with Chinese counterparts, and the mode of operation assumed favours hydropower
production.
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Figure 10 Scenario hydrographs at Vientiane, Mudakhan, Kratie and Tan Chau

wom

PR Wientiane
T
IR EEEEEEE.
- cuprage dally 10 ﬁ Kmtie
mam | herki:qﬂﬂ"
I )
A - ,/fj &1
N A/ 1
n e o

IR IR

I B -

Ao maln

Aot mah

Main Report
- fverage dalle Ao kAukda han
RE: /fjﬁ\
il I 1'-,
r \
._\.
NN I AR
28 mo
Aorage daily Ao TanChau
FIT T .Y ——
'amg +— :::mw /—//\“\
i § \
—Lro / .

]

=

]

I O B B -

However, the operation of the mainstream dams can cause significant downstream fluctuations
during any one day if they are operated as peaking projects. In this case, water level fluctuations
locally may amount to typically 2-4m or more in extreme cases. The mainstream dams are
generally sized and sited at intervals where the backwater effects of one reaches close to the
next®. Thus, athough they may have asmall effect at basin-scale on flow volumes, water levels
will be significantly affected both up and downstream of their sites.

8 LMB mainstream dams are assumed to be operated over an annual cyclein a manner that permits flushing of sediments, thus maintaining
substantially their planned storage and backwater effects.
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The planned 50% increase in irrigation abstractions over current levels would be more than
offset by the planned increase in active storage on the LMB tributaries. Compared to the new
flow regimes established under the Definite Future Scenario, the different Foreseeable Future
Scenarios would cause an average further net increase of overall dry season flow volumes of
typically 9-12% with about a further 4% reduction in wet season flow. In March, during the dry
season, average daily flows would be expected to become typically between 30% and 100%
above basdline conditions, representing a further increase over the Definite Future Scenario of
between 7% and 19%, depending on location along the mainstream and the scenario under
consideration.

Peak daily discharges during the flood season would be somewhat |ess affected, being typically
between 4% and 15% less than the baseline and between 2% and 4% below Definite Future
conditions.

Whilst the picture that emergesis that with the developments as set out in the scenarios, in al
cases the average monthly flows in the dry season will be exceeded relative to the Baseline.

However, more detailed assessments have been made at the transitions between the wet and dry
season. In early December, water levels predicted for Tan Chau, whilst averaging higher than
the baseline, are below the baseline by typically 5cm only in up to 20% of the years simulated.
At end of the dry season during May similar circumstances arise right at the end of the month.
These small deficits could possibly be removed with minor adjustments to upstream reservoir
operating rules.

In dry years (without climate change) the percentage changes in flooded areas tends to be less
with changesin Lao PDR and Thailand being smaller (typicaly below -3% for al scenarios
compared to the Baseline) compared to Cambodia (9-12.5%) and Viet Nam (3.5%) compared to
the Baseline for all scenarios. By contrast in awet year, flooding in Lao PDR and Thailand,
compared to the Baseline, increases somewhat whereas in Cambodia and Viet Nam the tota
flooded area decreases dlightly.

Long-term Development Scenarios - further changes up to 2060

Mainly dueto the synergies between the irrigation and hydropower sectors, the longer term
scenarios would marginally change the mainstream flows over and above the changes caused by
the foreseeable future scenarios (2030).

The predicted changes in timing and flow levels are afew percent. In March, for instance,
average daily flows would be typically between 34% and 105% above baseline conditions,
representing a further increase over the Foreseeable Future Scenario of around 5%. Peak daily
discharges during the flood season would be somewhat |ess affected, being typically between
6% and 16% less than the baseline, about 1% lower than the Foreseeable Future conditions.
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Figure 11 Comparison of average monthly flows with baseline
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Climate change impact modelling for the scenario assessment has been undertaken using
downscaled outputs from the ECHAM4 global climate model for IPCC scenario B2. This B2
scenario was selected in consultation with the countries and represents one of several mid-value
projections of how climate may vary in the years ahead. The impacts upon key variables such as
temperature, rainfall and runoff are illustrated below in Figure 12.

Two scenarios (the 20-year plan under the Foreseeable Future and the Long Term Devel opment
Scenario) have been modelled with runoff modified by climate change to assess the broad
implications of climate change. The results areillustrated in Table 9 overleaf.
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Figure 12 Projected changes in mean annual values under IPCC B2 Climate Change

T LT —
Changein mean annua @ - Change in mean annual
sub-basintemperature =ub-basin precipitaion
["C] during 2040-2050 [%0] during 2010—2050 z

- compared to 19852000 |

i
2 - .,
~
\ 5
0.61 - BT e
- 0.71 -'h j * ? "
o 0s1-0901 A
B 091 - 100 . l.%
101 - 100 Y “ﬂ"ﬁr::'f;{%l f
I 1.10-1.20 40
I 0.21 - 130 -5
1.3 - 140 L T
140 - 150 = :L;:
B 151 - 160 G-
B .60 - 168 - b4
Table 9 Summary results from climate change scenarios
Location Unit Vientiane Mudakhan Kratie Tan Chau Average
4000 LMB 20-Year Plan Scenario
Monthly average dry season flow (March) m3/s 2,218 2,698 3,546 4,179 3,160
Average peak daily flow in wet season m3/s 13,540 23,417 43,307 20,455 25,180
4001 LMB 20-Year Plan Scenario Climate change
Monthly average dry season flow (March) m3/s 2,265 2,759 3,577 4,077 3,170
Average peak daily flow in wet season m3/s 13,691 25,919 50,515 21,529 27,914
Percent change with climate change
Monthly average dry season flow (March) 2.1% 2.2% 0.9% -2.4% 0.3%
Average peak daily flow in wet season 1.1% 10.7% 16.6% 5.2% 10.9%
8000 LMB Long-term Development Scenario
Monthly average dry season flow (March) m3/s 2,200 2,608 3,708 4,103 3,155
Average peak daily flow in wet season m3/s 13,597 23,574 41,698 20,160 24,757
8001 LMB Long-term Development Scenario Climate change
Monthly average dry season flow (March) m3/s 2,250 2,664 3,716 4,107 3,184
Average peak daily flow in wet season m3/s 13,738 26,083 48,886 21,154 27,465
Percent change with climate change
Monthly average dry season flow (March) 2.3% 2.2% 0.2% 0.1% 0.9%
Average peak daily flow in wet season 1.0% 10.6% 17.2% 4.9% 10.9%
31
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These indicate that in broad terms the effect
of climate change will be to increase runoff
during both dry and wet seasons. In the case
of the dry season the changes are generally
very small, but in the wet season average
peak daily flowsis expected to increase by
about 11% on average along the mainstream,
but with the greatest impacts seen in the
middle reaches upstream of Kratie.

These assessments are based upon changesto

Assessment of Basin-wide Development Scenarios
Main Report

Climate change modelling

The assessment of climate change impacts on flow
regime is based on existing climate change data
downscaled to the Mekong Basin by the SEA START
(South East Asia SysTem for Analysis, Research and
Training) Regional Center using the PRECIS (Providing
Regional Climates for Impacts Studies) Regional Climate
Model (RCM) developed by the Hadley Centre, a leading
climate research centre in the United Kingdom. PRECIS
data were adjusted against the available observed data
used for setting-up and calibrating the DSF models.

RCM data are available until 2100, but the time horizon

of the MRC analysis is up to 2050 since this is more
realistic for the current BDP Development Scenarios.
Because observed data in the DSF are available only for
the 16 years from 1985 - 2000, and are used for the
Baseline Scenario, future comparisons are also divided
into 16 year periods, i.e. 2010 - 2025, 2026 - 2041, 2042
- 2050 thus covering the whole period of 2010 - 2050.

average wet and dry season flowsin the
Mekong region. Further studies have been
undertaken by MRC' s Environment
Programme and are details of the results are
reported separately®. These include
consideration also of the IPCC scenario A2, a
more severe forecast of climate change than
isseen in IPCC scenario B2.

Abstracted from MRC Technical Paper No. 29 Impacts of
climate change and development on Mekong flow
regimes, June 2010

A wider assessment of the hydrological regime has been also considered in the MRC Annual
Flood report and this suggests that a greater issue with climate change is the increased
variability of flows, which will have much significance on how future developments are
planned.

For instance, by 2030, whereas the annual maximum flows at Vientiane appear to be unaffected
by climate change, the variance of annual flows between years may increase by as much as
40%. In contrast at Kratie the mean annual runoff is predicted to increase by ¢.22% with an
increase in variahility of annual flows of 13%. In addition, the mean onset date of theflood is
estimated to be only afew days later by 2030 but with a dramatic increase in variance. The
mean end date is expected to be delayed by two to three weeks. Thusin the reaches upstream of
Kratie, theincrease in variability islikely to prompt an increase in the severity of floods and
droughts.

The threats posed by climate change in the Mekong Delta are more severe. Whilst estimates of
sealevel rise adopted in this report are 17cm by 2030 and 30cm by 2060, long term estimates
for sealevel rise are up to 1 metre by 2100. If a 1 metre rise does happen, 90 per cent of the
Delta could become inundated annually. Whilst most studies predict that flows during the dry
season will increase largely as aresult of a greater snowmelt contribution from the Upper Basin,

9 Impacts of climate change and devel opment on Mekong flow regimes: First assessment — 2009, MRC Technical Paper No. 29, June 2010

32

Assessment of Basin-wide Development Scenarios - Main Report 2011



3.2.3

Assessment of Basin-wide Development Scenarios

Main Report

the projected rise in mean sealevel is anticipated to lead also to potentialy severe water quaity
problems.

Further detailed modelling studies are clearly needed to understand better the implications of
different responses to these threats, the transboundary implications and the influence that
upstream devel opments could have on mitigating these risks.

Flooded areas

The attenuation of flood season flows due to increasing amounts of storage envisaged within the
basin under the different storages would have a consequentia effect on year-to-year average
flooding. Thetotal areainundated by the mainstream flooding in an average hydrological year
reduces from 4.76 Mhato 4.45 Mha (-7%) going from the Baseline to the LMB 20-Y ear Plan
Scenario. In percentage terms, changes are biggest in Thailand (-21.8%) and Lao (-18.6%), are
moderate in Cambodia (-6.5%) and small in Viet Nam (-0.9%). In adry year changesin Lao

PDR and Thailand are smaller, only about 3%, in Cambodia bigger (-9%).

The impacts are mostly caused by the Definite Future Scenario with relatively small incremental
impacts caused by the Foreseeable Future Scenarios, asillustrated in Table 10.

Table 10 Changes in total average flooded areas, ‘000ha
Ref Scenario Lao Thailand Cambodia Viet Nam Total
1000 Baseline 405 369 2,183 1,802 4,759
3000 Definite Future 341 300 2,077 1,792 4,510
Change from baseline ha -64 -69 -106 -11 -249
Change from baseline % -16% -19% -5% -1% -5%
5000  20-year Plan w/o MS dams 331 288 2,054 1,786 4,459
Change from baseline ha -74 -80 -129 -16 -300
Change from baseline % -18% -22% -6% -1% -6%
4000  20-year Plan 330 288 2,041 1,786 4,445
Change from baseline ha -75 -80 -142 -16 -314
Change from baseline % -19% -22% -6% -1% -7%
4001  20-year Plan + CC 400 342 2,469 1,854 5,065
Change from baseline ha -6 -27 286 52 306
Change from basgline % -1% 1% 13% 3% 6%
8000 Long term development 331 291 2,015 1,774 4,411
Change from baseline ha -74 -78 -168 -28 -348
Change from basgline % -18% -21% -8% 2% -7%
8001 Long term development + CC 460 423 2,300 1,856 5,040
Change from baseline ha 55 55 117 53 281
Change from baseline % 14% 15% 5% 3% 6%
9000  Very high development 327 288 1,981 1,771 4,367
Change from baseline ha -78 -80 -202 -32 -391
Change from baseline % -19% -22% -9% -2% -8%

Under the Long Term Devel opment and Very High Development scenarios the flooded areas
decrease by afurther 8%.
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As may be seen, in absolute terms the reductions in flooded areas (without climate change) are
greatest in Cambodia (up to 142,000ha reduction under the 20-year plan and potentially morein
the longer term). However, when climate change is taken into account, the total flooded areain
Cambodiais estimated to increase by 13% (286,000ha) under the 20-year plan scenario. A
similar trend is forecast across the overal basin with total flooded areas increasing by 6% in
both the 20-year and long term scenarios with climate change.

As reported in Technical Note 9 accompanying this report, in dry year s changes in flooded area
in Lao PDR, Thailand and Viet Nam aretypically 3.0-3.5% lower than quoted in Table 10 in all
scenarios, whereas in Cambodia the decreasesin flooded area are typically lower by 9% (20

Y ear plan scenario) and 12.5% (Very High Development scenario). However, when climate
changeistaken into account flooding in Lao PDR and Cambodiain dry years decreases with 35
to 50%, whereas in Cambodia and Viet Nam the flooding tends to increase.

In wet years, flooding in Lao PDR and Thailand increases somewhat above the values givenin
Table 10, with the exception of the scenarios that take climate change into account, which show
marked decreases in flooding for the 20 year period and only small changesin thelong term. In
Cambodia and Viet Nam the total flooded area decreases dightly under the various scenarios
compared to the Baseline, again with the exception of the scenarios that take climate change
into account. Under these scenarios the total flooded areain Cambodiaincreases with some 8%
compared to the Baseline, in Viet Nam with about 2%.

Flow reversal in the Tonle Sap river

Flow reversal in the Tonle Sap river will aso be affected. In the baseline the average start date
for flow reversal is about 24 May with the natural year-to-year variation by +/- 19 days (5 May-
12 June). In comparison with the baseline, flow reversal occurstypicaly on average 3 days
earlier and with dightly increased variability. Also the flow reversal volume into the Tonle Sap
Lake reduces on average by 7-8%. Whilst, by comparison, the natural year-to-year variationin
flow volume amounts to up to about 300%, it will be appreciated that the forecast changes
indicate a downward trend in flow reversal volume. These effects areillustrated in Figure 13.

Figure 13 Flow reversal in Tonle Sap, start date and volume
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Salinity intrusion

As a conseguence of the increased dry season flows, salinity intrusion will also reduce with the
area potentialy affected each year being 15% less than currently observed (272,000 ha), as
illustrated in Figure 14.

2500 4

2,000 4

Figure 14 Area affected by salinity greater than
1.3 mg/l by scenario

1500 +

However, these gains may be offset by climate
change as currently forecast over the next 20 years.
Further discussion of the implications of changesin
salinity affected areas is presented in Section 3.3.7. ol

500 4

T T
1000: BS 3000: 4000: 4001: 8000: 8001: 9000:
2015-DF  2030-20Y ~ 2030-  2060-LTD ~ 2060-  2060-VHD
20Y+CC LTD+CC

Environmental impacts
Assessment context and connectivity

The wetlands of the Lower Mekong river basin play avital rolein the lives of the inhabitants
and the socio-economic development of the region. Theriver and its tributaries, backwaters,
lakes and swamps support many unique ecosystems, such asthe river’s deep poals, plains of
reeds and mangrove forests. Recent studies show that rural people use alarge number of species
caught or collected in wetlands. These species are collected from awide variety of both
permanent and seasonally flooded habitats, including perennid rivers, ponds, marshes and
flooded forests.

Aswell astheir direct use for rice cultivation and freshwater capture fisheries, wetlands have
other indirect uses, such as absorbing floodwaters that could otherwise be disastrous during the
wet season. Cambodia s Great Lake, for example, expandsin surface area as much as four to
five times during the wet season. Without this natural absorption capacity, Phnom Penh would
be completely flooded every year.

Since wetlands occur in atransition zone where water-based ecosystems gradually change to
land-based ones, a small difference in the amount, timing or duration of water flows can result
in a profound change in the nature of the wetland and its unique plants, animals and processes.

The Mekong Basin is aso one of therichest areas of biodiversity in the world. Its wetland and
forest ecosystems provide arange of habitats for an astonishing collection of floraand fauna.
Recent estimates of the biota of the greater Mekong region include 20,000 plant species, 430
mammal, 1200 bird, 800 reptile and amphibian, and 850 fish species, with new species still
being described [MRC State of Basin Report, 2010].
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However, accelerating economic devel opment, population growth and increased consumption
patterns are placing pressure on the environment. Many important bird habitats have been
degraded by wetland drainage, overgrazing, peat mining, reservoir construction, pesticide use
and changes to agricultural practices. Aswell as degradation and fragmentation of habitats,
birds are threatened by subsistence egg collection, hunting and trade.

The basin’s diverse fish faunainclude several large fish species whose numbers appear to be
declining, including the critically endangered giant catfish (Pangasianodon gigas). These and
other migratory fish are further threatened by infrastructure development, such as dams that
ater the natural flow of the river and block migration routes.

Some of the world' s most spectacular and threatened amphibians and reptiles are present in the
basin, but many populations are being destroyed by hunting and trading. Aquatic or semi-
aguatic turtles, snakes and lizards are hunted for instance for subsistence or sold for food or
medicinein local markets.

Nevertheless, the plains of the lower Mekong still retain some areas of near pristine habitat for
water birds, with mosaics of open deciduous forests, seasonally inundated wetlands and
grasslands and riverine habitats. The Tonle Sap Great Lake is a so extremely important for large
water birds. Efforts are being made to protect the surrounding grassland habitat from being
converted to rice farms. Other threats to wetland bird habitats are the expansion of human
settlements and, in the Mekong Delta, by the large-scal e intensification of agriculture.

Within this context, the assessment of environmental impacts of the different scenarios must
take fully into account the connectivity of the river system and its constituent parts with the
related natural resources of the basin. This system extends from the Tibetan snow fields to the
luxuriant delta and embraces not only the flow of water, but also the flow of sediments,
nutrients and pollutants, as well as the natural annual movement of fish and other fauna through
the system.

The considerable complexity and interconnectivity of these many issues are recognised and, in
order to maintain a systematic approach for the scenario assessments, areillustrated
diagrammatically in Figure 15 overleaf.

Accordingly, the environmental assessment, which is set in the context of the hydrological
changesin the river system as described in Section 3.2, focuses on the main components of the
network illustrated and their inter-linkages:

Inundated forest areas

Marshes and inundated grasslands
Mangroves and inundated rice fields.
Bio-diversity and eco-tourism
Impacts on the Tonle Sap system

O Geomorphological assessment
O Sandbars, rapids and deep pools

O Floodplain sedimentation and marine
sediment plume

O Bankerosion
QO Water quality
O Sdlinity intrusion

0000 D
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Figure 15 Cause effect network for basin development scenarios

Geomorphological assessment

An assessment has been made of the potential geomorphological impacts of the scenariosin
relation to the baseline conditions. Data are relatively scarce and the assessment has been made
on amixture of documentary review and expert opinion supported by modelling of typical
processes. The views reached are based on an understanding that approximately 40% of the
sediments in the mainstream system are derived from the upper catchmentsin China, 40% from
the 3Sbasin in the LMB and 20% from other catchmentsin the LMB™.

10 There are differences of view over the exact distribution of sediment sources throughout the basin and further monitoring is being
undertaken in an attempt to narrow these differences. The significance of this discourse is that the estimates of sediment trapping require an
understanding of both the location of dams and the sediment flows from the dam’ s catchment. Whilst there is some consensus on the
proportion emanating from China, it appears there remains a divergence of view concerning the 3Sbasin. Thisis of particular relevance to
the impact of the dams within this tributary system aswell as to the lower of the proposed LMB mainstream dams.
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The devel opments planned in the Definite Future Scenario, which include substantial
development of damsin the Upper Mekong Basin in Chinaand in the 3S basin, indicate that
substantia reductions in sediments entering the mainstream system will occur under this
scenario.

Further devel opments on other tributaries principally in Lao PDR and in the mainstream as
envisaged under the Foreseeable Scenarios (20-year plan) will thus impact only on the
remaining 20% of sediments entering the system from the other catchments.

The consequences of reductions in sediments entering the mainstream system, combined with
only relatively small modifications to the geomorphologically significant wet season flows, are
that the river will seek to restore the sediment balance firstly be scouring existing sedimentsin
the river and secondly, as these are cleared out, by attempting to adjust its slope and shape to
one compatible with the reduced sediment concentrations. The timing of these processesis
difficult to predict with accuracy without further data collection and predictive modelling. The
manner in which this happens will be constrained by the presence of rock bedsin parts of the
river (which will determine minimum bed levels at specific locations). The introduction of
mainstream dams will affect these processes both in the context of fixing bed levels at the dams
locations and through the temporary storage of sediments influencing sediment concentrations

downstream of the dams.
Figure 16 lllustration of geomorphological
processes
Given these understandings, the potential
major changes to the morphology of the
mainstream will be induced by current
developments in the Definite Future Sandbars

go, but

Scenario, such that irreversible changes will decreased

flood flow

occur. However, other than at specific feduces
locations where local effects can be expected, | ewsion
as aresult of mainstream dams, for instance,

in the medium term at aregiona scale the

morphological changes are likely to be small.

Present

sediments
/ Bed rock or

structures
Can't be eroded

Sediment flows
largely maintained

Next 15-20 yrs

/ ‘ Incision likely to start

Theloss of impounded sedimentsin the
upper reaches is being compensated by the
take-up of existing depositsin the system.
Effects on channel morphology will be
noticed in upstream reachesfirst and in
downstream reaches at later dates. Upstream effects may become evident in the Foreseeable
Future Scenarios. In the longer term (> 20 years), theriver’s shape will start to adjust more
aggressively.

Long term

Because the geology through which the river flows changes down its length, these impacts wil
be felt differently along the mainstream. In broad terms this can be characterised as set out in
Table 11 overleaf.
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Table 11  Anticipated geomorphological impacts in mainstream reaches
Reach Description
1. Chiang Saen to Vientiane This is a bedrock channel so no major changes in channel shape will occur but

sediment will be flushed out from the channel in the Foreseeable Future Scenario.

2. Vientiane to Nong Khai The channel is alluvial and readily erodible. Bed levels may begin to fall within the
Foreseeable Future Scenario (next 20 years), and river bank stability may
decrease locally.

3. Nong Khai to Pakse The channel is alluvial upstream but has major bedrock bed level controls
downstream. Consequently, channel change effects will be more evident in the
alluvial sections but are not likely to be significant within the Foreseeable Future
Scenario.

4. Pakse to Stung Treng This is a bedrock channel so no major changes in channel shape will occur and
sediment is not likely to be flushed out within the Foreseeable Future Scenario

5. Stung Treng to Kratie This is a bedrock channel so no major changes in channel shape will occur.
However, the 3S Basin is thought to supply large amounts of sediment to the
main river at the confluence near Strung Treng. Due to dam construction in the
3S Basin sediment inflow to the main river will decrease. Consequently, sediment
is likely to be flushed out within the Foreseeable Future Scenario.

6. Kratie to the Delta The channel is alluvial and readily erodible. Sediment loss may occur immediately
downstream of Kratie within the Foreseeable Future Scenario and sediment
losses further downstream will become noticeable at some point in the next 10-30
years. However, projected local engineering works and sand mining are more
likely to induce medium-term effects on channel morphology rather than flow
regulation by the existing and proposed dams.

Sandbars, rapids and deep pools

Understanding how sandbars, rapids and deep pools, which form important habitats for various
fish and other agquatic animal species, and floodplain sedimentation are potentially impacted by
changesin river flowsis founded on the geomorphological findings above.

In broad terms the environmental utility of rapids and deep poolsis unlikely to change
significantly as aresult of flow changes over the next 20 years. On the other hand sandbars are
expected to disappear progressively over time starting from the upstream end, becoming
noticeable in the next 20 years.

Construction of the mainstream dams under the LMB 20-Y ear Plan Scenario will heavily affect
sandbars, rapids and deep pools. Nearly 60% of the river stretch between Sambor at km 575 and
Houei Xa (at km 2,300) will change in character from afree flowing river to a cascade of
impoundments. Sandbars and rapids in these impoundments will drown and deep pools will
gradually start to fill in. Thiswill have very significant negative impacts on the species
diversity. Fish and water birds will be affected most. These impacts will affect the *river bank
dwellers that rely on the river and the fertile banks for livelihood values.
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Floodplain sedimentation and marine sediment plume

Floodplain sedimentation will decrease within a decade with consequences for agricultural
production, prompting a much greater reliance on fertilisers if the same levels of productivity
areto be maintained. Other than the direct impacts of sedimentation rates of flood control
works, both issues are driven by events in the Definite Future Scenario and only marginally
impacted by subsequent devel opments.

The Mekong delta undergoes a complex process of erosion and aggradation. Initiated by the
Definite Future Scenario less sediments will wash along the eastern coast of the delta,
exacerbating the effects of erosion in these provinces and also reducing the rate of deltaic
growth currently experienced by the CaMau peninsula. The erosion problems will become
increasingly visible in the longer term™.

The predicted reductions in the discharge of fine sediments and associated nutrients to the
coastal water will negatively impacts on productivity of the system and thus may affect
biodiversity and costal fisheriesyields. The SEA of hydropower mainstream dams estimated
that the Definite Future Scenario may halve the current discharge of about 16,000 tonnes of
Total Phosphate to the estuarine marine environments off the Mekong delta coast. The resulting
discharge of 8,500 tonnes would be halved again by the implementation and operation of all
proposed LMB mainstream dams.

Bank erosion

The areas currently affected by bank erosion in Lao PDR and Thailand reaches of the

mai nstream have been identified and are estimated to be of the order of 24 halyear and 20
halyear respectively. As discussed above, the vulnerability of these areas will not change
significantly within the next 20 years and, if anything, may dlightly reduce due to the lower wet
season discharges'™.

Asdiscussed in Section 3.3.2, in the longer term downstream of dam sites, the river will incise
and this may increase bank erosion locally. Theriver bed downstream of Kratie will incise by
up to 2 metres at some locations, resulting in serious bank erosion. Little is known of the impact
of the scenarios on coastal erosion. Autonomous developments (flood protection, river training,
sand mining) may have a more severe impact than flow induced morphological changes.

1 Again there are differences of view over time-scale of coastal impacts. An alternative line of argument suggests that the delta has already
started a process of regression and any reductionsin sediment may precipitate at some point a step-change in the rate of regression. A view
expressed isthat this point may be reached in the near term as aresult of new damsin Chinaand in the tributaries in the DFS, exacerbated by
sand mining in the LMB mainstream. Further studies are clearly merited.

%2 Increases in flood pesk variability and magnitude that may be brought by climate change may render some sections of the river banks more
vulnerable but overall thiswill significantly affect the conclusions above,
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Water quality
Water quality changes will occur due to three main mechanisms, as follows.

Sediment flows and the nutrients associated with these are expected to reduce noticeably in
less than a decade due to sediment trapping by the mainstream dams in China and the tributary
damsin Lao PDR. Additional mainstream dams will further reduce floodplain sedimentation
and sediment inflow in the Tonle Sap. In the longer term, sediments and nutrients may well
reduce as a consequence of the storage introduced during the Definite Future Scenario with only
marginal reductions attributable to subsequent developments in the Foreseeable Future
Scenarios.

The second mechanism is the increased likelihood of agr o-chemical residues entering the river
system as a consequence of agricultural intensification. Thisintensification is expected to be
mainly associated with the expansion of irrigation areas and increased use of agro-chemicals,
which are related to the devel opments associated with the Foreseeable Future Scenarios. The
analysis indicates that the Chi-Mun, 3S and Tonle Sap basins are the most likely areas where
significant increases in residue runoff will occur.

Figure 17 Pollutant runoff, MT/year

All pesticides Total BOD
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However, due to the fact that dry season flows of the main river will increase in the Foreseeable
Future, N and P concentrations will most probably remain below threshold values. Nevertheless,
the tributary streams directly entering the Tonle Sap will al support expanded irrigation in the
future, increasing drainage flows and raising the likelihood of increased agricultural input
residues entering the Tonle Sap. Thiswill need to be carefully monitored.

Adoption of improved management practicesin irrigated areas are likely to be required.

Thethird potential growth isrising wastewater dischar ge due to population growth and
increased clustering in urban centres and expanding rural villages and towns. Not only will the
volume of waste increase, but also so will its concentration at points of entry to the river system.

Nutrient |oads from wastewater discharges are small compared with nutrient loads from
irrigated agriculture. This, in combination with the fact that sanitation levelsin the region are
excepted to increase, leads to the conclusion that impacts on water quality of increasing
wastewater discharges will only be of local importance and accordingly addressed.

Nevertheless, at the basin-scale it isimportant that monitoring for any transboundary pollution
is continued. All scenarios under consideration increase dry season flows and thus dilute
pollution. Reduced inflowsto Tonle Sap, and popul ation growth together with economic
devel opments around the lake, suggest water quality in the lake must continue to be carefully
monitored.

Salinity intrusion

The areas affected by salinity intrusion will decrease mainly as aresult of
the Definite Future Scenario with marginal further changes associated
with the Foreseeabl e Future Scenarios. An assessment has been made of
the likely impact on land productivity within the saline-affected areas.
These are based on
estimates of the
productivity of land 500000 |

under different salinity conditions and the
changes of areas under different salinity 400,000 1
classes as shown in Figure 18.
300,000 -
200,000 -
100,000 -
Figure 18 Saline affected areas in
Viet Nam delta 01 ‘ ‘ ‘ ‘ ‘ ‘
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The preliminary findings are that the predicted reductions in salinity intrusion will contribute to
an increase in agricultural production in the delta area of 467,000 tons under the Definite Future
Scenario and a further 27,000 tons under conditions in the Foreseeable Future Scenarios™.

Under long term and very high development (2060), production increases are sustained but at

slightly lower levels at 444,000 tons and 416,000 tons. However, with climate change and sea
level risein particular over the next 20 years, these increases are amost completely countered
with production being just 44,000 tons above baseline conditions.

| nundated forest areas

Inundated forests comprise both seasonally inundated riverine forests and seasonally inundated
floodplain forests.

Figure 19 Inundated forest areas, ‘000ha

Cambodia Viet Nam

Small pockets of floodplain forest in
Lao PDR and Thailand are included =
in the wetland category

marshes/seasona wetlands.

300

Under the Definite Futureand LMB
20-Y ear Plan Scenarios, changesin 200
forest areasin an average year are
expected to be small, asillustrated in
Figure 19. .
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In Cambodiathe presently flooded
forest areawill be reduced by about 1%. However, areasof shallow flooding will increase at
the expense of deep flooded areas with the average flood depth decreasing by 0.4 to 0.6 m.

Average flood duration may also decrease by up to one month in some areas. In dry yearsthe
changes are larger than in average hydrological years, in awet year changes are smaller.

2t is noted that brackish water aquacultureis also asignificant and very valuable activity within the saline-affected areas. Thisis practiced
in azone where seawater and freshwater can be mixed. With increased dry season flows and modification of the saline front, it is reasoned
that this zone moves marginally towards the coast but that its extent need not change. Therefore the net impact of increased dry season flows
on brackish water aquaculture is viewed as both small and manageable.
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Under the Foreseeabl e Future Scenarios the area of marshes flooded in an average year
decreases by about 24% in Lao PDR and 19% in Thailand as compared with the baseline.
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Figure 20 Marsh areas in
average year, ‘000ha

Most of these changes can already
be attributed to the devel opments
in the Definite Future Scenario.

In Cambodia marsh areas flooded
by the average flood decrease by
about 4% under the Foreseeable
Future Scenarios as compared to
the Baseline Scenario.

The Long Term Development scenarios will create an increase in marshland/seasonal wetland

areas for Lao PDR due to the increase in reservoir areas.
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Figure 21 Inundated grassland
area in average year,
‘000ha

Inundation of grassland will
decrease considerably in Lao PDR
(44%) and Thailand (18%) under the
Foreseeable Future Scenarios as
compared with the Baseline
Scenario. Changes in flooded
grassland areas in Cambodia and
Viet Nam are smaller.

Again, where flooded area decreases, so also does the flood depth and duration of the grasslands
and changes are bigger in adry year than in an average or wet year.
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Mangroves and inundated rice fields

3500 1 Cambodia © vietnam Changes in inundated Mangroves areas
3000 | in Cambodia under the Foreseeable
Future Scenarios are small, about 5%,
whilethe areafor Viet Nam remains
unchanged.
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Figure 22 Flooded mangroves
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o

Over the longer term scenarios with climate change, mangrove areas will increase significantly
as compared with the Baseline Scenario.

Figure 23 Flooded rice field 3,000,000 B Lao PDR M Thailand m Cambodia ' vietnam

area in average year, ha
2,500,000 +

2,000,000 +
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Long-term Development and Very o000 |
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show similar results of an decrease 000000
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about 19%, 23% and 17%for Lao |
PDR, Thailand and Cambodia e el el e
r%pectlvely The |mpaCtS of BL DF 20YP 3/:/)MY[P> 20(;(5 + LTD LTD+CC  VHD
climate change will offset

decreases and for the Long Term Development with climate change there will even be an
overall increase across the basin for inundated rice fields.

Bio-diversity and eco-tourism

Bio-diversity is affected significantly by the predicted reductions in wetlands, changesin
sediment and water quality, impoundment of large parts of the main channel under the LMB 20-
Y ear Plan Scenario, as discussed above and elaborated in Technical Note 9, Impacts on
wetlands and bio-diversity.

Mekong Migratory fish species will be highly affected by the expansion of

Ratbiin " mainstream dams and some tributary dams. Although this complex subject
isstill under review, it seems likely that barriers caused by mainstream
damswill have a more dramatic input the lower they are down the basin.
An obvious exampleisthe Irrawaddy dolphin that will undoubtedly be
threatened during construction and operation of the Cambodian dams and
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Don Sahong. However, for species that migrate to northerly spawning grounds, any barrier
along their route will cause amajor impact on their sustainability. A case in point may be the
Giant Catfish.

With regard to the sustainability of four flagship
species, preliminary findings are asfollows. The
Mekong Dol phin and the Giant Catfish, which are
aready under threat from human activity, are both
migratory and depend upon access to deep pools. The
presence of mainstream dams in the LMB will cut off
their access to these pools and hasten the likelihood of
their extinction.

Table 12  Sustainability of flagship species

2 .3 8
. . Q o o2 o8 o= =
Flagship species Q = EE = 'E T o
> > > > >® > a [=]
2 & & & & &8 3£ 88 5 &5 2
Mekong River Dolphin,
Irrawaddy Dolphin H H EX  EX H H EX H EX EX  EX
Orcaella brevirostris (CR)
Mekong Giant Catfish
. . H H EX EX H EX EX EX EX EX EX
Pangasianodon gigas (CR)
Siamese Crocodile
. . M M H H M M H M Ew Ew Ew
Crocodylus siamensis (CR)
Eastern Sarus Crane
L L M H M M M M H H H

Grus antigone sharpii (VU)

H = high; M = moderate; L = low; EX = extinct; Ew = Extinct in the wild

Slemas S P The Samese Crocodileis currently under threat in
Crocodilesty RN the wild, but the changes in the flow regime will

, it cause only small changeto its natural habitats.
Breeding programmes may ensure the sustainability
of this species.

The fourth flagship speciesis the Sarus Crane,

WhICh depends upon the avai Iabl lity of inundated grassland. This habitat is expected to diminish
dlightly, but not to the extent that it will threaten the
sustainability of this graceful bird. Sarus crane

The 2004 IUCN Red List of Threatened Species mentions
197 speciesin Cambodia considered at risk of extinction,
endangered, critically endangered, or vulnerable. Of these,
24 are critically endangered, 39 are endangered, and 53 are
vulnerable. Many of these are found in the Tonle Sap
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ecosystem: the Tonle Sap inundated forests form one of the most important breeding sites for at
least seven large water birdsin Asia.

Loss of inundated forest area, combined with alikely decrease in the ecosystems quality dueto
changing flood conditions, will further jeopardize the survival of these rare and endangered
species. Also depending on the system are the Hairy-nosed Otter, more than five commercial
species of water snakes (caught and traded) and the endemic Tonle Sap water snake Enhydris
longicauda.

Of the 32 identified ‘ environmental hotspots (Ramsar Sites, Biosphere Reserves, Protected
Areas, and Important Bird Areas (see environmental baseline map at front of report for
locations) in the impact area, 9 will be moderately and 1 highly affected under the Definite
Future Scenario, see Table 13 overleaf. Due to the large impacts on biodiversity of the Lower

Table 13 Number of impacted hotspots

No of impacted Hotspots Mainstream Dams, the number of
La Medium High highly affected hotspots increases
to 12 under the LMB 20-Y ear

BS 29 3
2015-UMD o4 8 Plan Scengrlo (with ma nstream
2015-DF 23 - dams), asillustrated in Table 13.
2030-20Y 11 7 14 L _

Eco-tourism is an economic
2030-20Y+CC 1 16 15 . . o

activity of increasing importance
2030-20Y-w/0 MD 1 16 5 dthe d  flagshi

and the disappearance 0 i
2030-20Y-w/o LMD 11 14 _ sappearance agsnip

species and deterioration of
2030-20Y-w/o TMD 11 7 14 ) _

environmental hotspotsin
2030-20y-w/o CMD 1 10 11 _

particular would be expected to
2060-LTD 0 17 15 o )

have a negative impact on this
2060-LTD+CC 0 11 21 o

growing industry.
2060-VHD 0 0 32

3.3.12 I mpacts on the Tonle Sap system

Overview

Potentially severe impacts on the ecologically very
-~ important Tonle Sap system would be caused by an
interaction between the inevitable impacts from ongoing
developments in the Definite Future Scenario and the
potential impacts from planned devel opmentsin the 20-
year plan scenarios.

Theinevitable and irreversible impacts caused by the
Definite Future Scenario are mainly related to changesin
flooded areas and flow reversal, resulting from changesin
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the hydrological regime associated with flows into the lake from the mainstream during the
flood season and followed by an extended period of outflow during the start of the dry season.

The developmentsin the 20-year plan scenarios would further increase the flow related impacts
and add non-flow related impacts, including a reduction in capture fisheries and biodiversity
caused by dams.

Flooded areas

For the 20-year plan scenarios, areduction is forecast of the total flooded area of 60,000 ha (4.5
%) in an average year, and as much as 100,000 ha (9%) in adry year. Flooded forest areas will
reduce by 5,000 ha (1.1%) in an average year and by 23,000 ha (5.3 %) in adry year. Most of
this reduction will be caused by ongoing devel opments.

Figure 24 Average areas flooded annually
around Tonle Sap, ‘000ha
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In the forest areas around Tonle Sap flood

depths will typically reduce by just over 0.5min both an average and dry year and flood
duration with generally be less by up to 2 weeks in an average year and up to 1 monthin adry
year. In the areas of inundated grasslands the situation is more complex: for 70% of the area
flood durations in an average year will reduce by up to 1 month, whereas in 25% of the areaan
increase of flood duration of up to 1 month can be expected. A similar patternisto be seenin
dry years, even with a bit more pronounced increase.

Flow reversal

The annual flood pattern responsible for the inundation of large areas of southern Cambodia
(including the Tonle Sap system) and the Mekong Deltais essential for fisheries productivity of
the system.

The annual reversal of the flow in the Tonle Sap River is essential for ecosystem functioning. If
the flow is not reversed (or if reversal is delayed), fish larvae drifting from upstream spawning
sitesin the Mekong River cannot access the important floodplain habitats of the Tonle Sap
System.
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A delayed flow reversal would also lead to a reduced floodplain area adjacent to the river and
lake, and thus, reduced fish production. A reduction in flow reversal volume, brought about by
delayed flow reversal, aso has impacts on the volumes of flow, sediments and nutrients
released from Tonle Sap during the end of the flood season and the early part of the dry season,
potentially diminishing the productivity of downstream systems that benefit from these flows.

Changes in behaviour of the Tonle Sap system thus have impacts not only on the productivity of
Tonle Sap but also el sewhere within the river system, including the downstream delta area.

Thetiming of the flow reversal date is expected to be on average 3 days earlier under the
Definite Future scenario. Under the 20-year Foreseeable Future Scenario the flow reversal date
advances by 8 days, with no or fewer mainstream dams the change is somewhat smaller, 6 or 7
days. Under the Long-Term Development and Very High Devel opment scenarios the flow
reversal date is expected to advance with 12 to 13 days. The volume of the flow reversal will
reduce with 8% (Definite Future) rising to 13% under the 20 Y ear Plan scenario, and to 16%
under the Long-Term Development and very High Devel opment scenarios.

Water levelsin the dry season are forecast to increase with 22 cm between the Baseline and the
Definite Future and 36 cm under the 20 Y ear Plan Scenario. No or fewer mainstream dams
reduce the water level increase to about 27 cm. Water levels increase slightly more under the
Long-Term Development scenario (up to 34 cm). Under the Very High Development scenario
theincreaseis only 16 cm compared to the Baseline. The scenarios that take climate change into
account result in awater level rise of 50 to 60 cm. These water level riseswill not result in a
noticeabl e increase of the lake size, since banks of the lakes are steep and fairly high.

However, the volume of the lake in the dry season will increase considerably. With adry season
area of about 250,000 ha, an increase in water level of 22 to 37 cm equals anincreasein lake
volume with about 550 to 925 MCM, a considerable addition to the present 1,500 MCM lake
volume in an average dry season. Under the long term climate change scenario the lake volume
would nearly double.

Productivity of the Tonle Sap system

Most of the flow related changes are inevitable and will be caused by the Definite Future
Scenario. The change in flow regime affects not only the extent of flooding (which isan
important element of eco-system productivity within the lake), but also sediment in- and out-
flows from the lake, affecting nutrient supplies both within the lake and for downstream users of
the lake outflows. In addition, flow regime changes affect the timing of flow reversal, thought to
be akey trigger associated with the life cycle of fish.

The 20-year plan scenarios would cause a deterioration of water quality resulting from increased
nutrient loadings from agricultura return flows and wastewater discharges into the Cambodian
tributaries that discharge into the Tonle Sap Lake. Thiswould be accompanied by aloss of
natural nutrients and sediments entering the Tonle Sap system as aresult of adecreasein
reverse flow.
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Under the LMB 20-Y ear Plan Scenario, white fish production in the area may be halved and the
possibilities for local people to collect timber and non-timber products from the wetlands will
reduce. Furthermore blockage of the migration paths, in particular by the two proposed
mainstream dams in Cambodia, will significantly reduce the large number of ecologically and
commercially important fish species.

As aresult, the ecology and primary productivity of the Tonle Sap system could change
significantly through the simultaneous interaction of all above threats. reduced flooding,
reduced reverse flows, and reduced inflow of nutrients associated to fine sediments (caused by
the Definite Future Scenario) and the large decline in fisheries and biodiversity caused by the
additional developmentsin the 20-Y ear Plan Scenario (with al LMB mainstream dams).

Summary of impacts on eco-systems and environment

The assessment of the environmental impacts in the foregoing sections highlights the inter-
connectivity of the ecosystem impacts across all countriesin the basin founded on:

O Changesintheriver system flow and flooding patter ns brought about by the
introduction of the significant amounts of new storage both in the UMB and in the
tributaries and increased irrigation abstractions as included in the different scenarios, all
potentially further modified by climate change;

O Changesin sediment flows principally as a consequence of sediment trapping of the
reservoirs and to alesser extent by the run-of-the-river proposed new mainstream dams, but
also as affected by changes in stream power and flooding patterns;

O Changesinwater quality and nutrient flows brought about by both of the above together
with the risk of increased run-off of residues from expanded irrigated agriculture (and to a
lesser and relatively manageabl e extent increases in wastewater from urban and industria
centres); and

O Thebarrier effect of new mainstream dams on fish migration (which is discussed more
fully in the next section on fisheries impacts)

Whilst the main focus of the environmental assessments has been on transboundary impacts,
local impacts of the specific interventions are taken into consideration where their cumulative
impacts are viewed as being of particular significance to basin-level assessment. In particular,
the assessments are mindful of the cumulative local impacts of the proposed new mainstream
dams and their operation on flow conditions within the mainstream.

The key impact areas have been identified and, to the extent that available information allows,
the level of impact in these areas has been quantified. These key impacts include:
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O Thedecreasein flood plain and coastal land productivity as a consequence of reduction of
flooding, sediment and nutrient flows primarily as a consequence of increased storage and
sediment trapping within the basin;

O Therisk of bank erosion in part lessened by reduced wet season flows but increased by river
regime change as the river system adjusts to new sediment loads, an issue particularly
pertinent to stability of the Mekong Delta;

O Theimpacts of increased dry season flow depths, compounded by the presence of the
proposed new mainstream dams, on riverine habitats including bank-side and exposed river
bed seasonal gardens and deep pools and the consequential impacts on local livelihoods and
on fish refuges and spawning areas;

O Thereduction in natural nutrients driven by increased sediment trapping and modified by
changesin flow patterns (particularly with regard to the Tonle Sap system, but also the
Mekong Deltaflood plains) whilst at the same time the likelihood of increased runoff of
agricultural input residues dueto irrigated agriculture expansion and economic pressuresto
raiseyieds,

O Thereductionin salineintrusion in the Mekong Delta brought about by increasesin dry
season flows from the increases in storages (especially those in the UMB), and the related
potential for increased agricultural production in these aress;

O Thereduction in extent of wetlands and key habitat areas as a consequence of modified
flow patterns, the reduction of their productivity as aresult of reduced sediment and nutrient
flows and the consequential impact of both on the sustainability of various species, some of
which are already endangered by human activity; and

Q Theconsequential threats of all of the above on the basin’ srich bio-diversity, particularly
(but not limited to) to at least two of the four flagship species.

Whilst there remain some differences of view over the magnitude and immediacy of some
impacts (most notably with regard to geomorphol ogical aspects) the assessments conducted
reveal aclear pattern of the environmenta impacts that would arise from the different scenarios
under consideration. These are summarised below.

The Definite Future Scenario

The substantial increase in storage in the basin, principally in the UMB, will have adirect and
irreversible change on the basin’s hydrology and geomorphology. The hydrological impacts will
be immediate and the geomorphol ogical impacts over a period of time. These changes will
reduce the extent of wetlands and of other key habitats throughout the basin. The changesin
river regime will be more marked in the upstream areas and proportionately lessin the
downstream areas (but on larger vulnerable habitat areas). The changes in sediment flow will be
felt more markedly downstream of Kratie and may have significant impact on the Delta's
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stability. For now, the timing of significant geomorphologica changesis viewed as being within
the medium and longer term, but others view this as amore immediate threat.

The key point concerning the Definite Future Scenario isthat the changes will happen and that
many impacts will be experienced within the near term in response to hydrological change
(about which there is much consensus). Thus a strategy is unquestionably needed to cope with
these changes and to, as far as possible, protect and sustain the vulnerable environmental and
ecological assets within the basin.

The Foreseeable Future Scenarios

The Foreseeable Future Scenariosinclude a significant increase in tributary storage (for
hydropower generation) and in irrigation abstractions, together with various combinations of up
to 11 new mainstream run-of-the-river dams for hydropower generation. The planned increase
dry season flows from the incremental tributary storage is broadly balanced by the increased
levels of irrigation abstraction and consequentially at basin scale, given that the mainstream
dams are run-of-the-river dams, the overall change in hydrological conditionsis small compared
to the changes to be withessed in the Definite Future Scenario. Nevertheless, the increased
amount of storage will lead to higher levels of sediment trapping, which will serve to exacerbate
the geomorphological changes prompted by the Definite Future Scenario.

The impacts of the mainstream dams can be overlain upon the perspective above. These dams
will individually and collectively contribute to a further modification of mainstream flow levels,
to local disturbance of bed levels and to some extent on sediment flows. As with the tributary
dams, how the mainstream dams are operated will significantly affect the nature of local
impacts. On the other hand, the extent and timing of sediment flushing of these dams will have
wider significance within the basin.

The mainstream dams will also create barriers to fish migration, which at basin-scale gains
increased significance the lower down the mainstream they are located. Thus the impacts of
mainstream dams are, firstly, local and location specific and, secondly and additionally,
cumulative if viewed from an upstream to downstream order, with lesser basin-scale impacts
attached to the upstream end.

Thus the impacts from the Foreseeabl e Future Scenarios may be considered in two parts. The
first isthose associated with tributary dams and increased irrigation. The tributary dams, as
discussed above, will contribute towards increased sediment trapping and a reduction of nutrient
flows, reducing eco-system productivity. As assessed, these impacts are only relatively small
compared to those which will occur in the Definite Future Scenario.

The additiona tributary dams may, depending upon location, also have impacts on fish
migration and will certainly have local impacts (including positively creating opportunities for
reservoir fisheries), which will need to be managed. Increased irrigation areas both raise the risk
of input residue runoff and, as discussed in Section 3.4, create the opportunity for increased
rainfed rice field habitats.
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The major considerations in the Foreseeable Future Scenarios evidently relate to the number and
location of the new mainstream dams and the degree to which they disrupt fish migration and
the local impacts associated with raised and variable water levels (noting that at basin scale they
cause only a small degree of flow modification). The unsurprising conclusion from the
assessment isthat all mainstream dams have significant local impacts and that impacts on
fisheries are less severe for the upstream groups and more severe for the downstream ones.

The Long-term Scenarios

The Long-term Scenarios demonstrate the impacts of increasing numbers of tributary dams and
irrigation expansion and therefore exacerbate the impacts attributed to these interventions.
Depending upon the balance sustained of increased storage with increased irrigation, the
principal additional effects are associated with increased risk of encroachment of valuable
wetland areas and a further reduction in wet season peak flows due to the increased storage.
Together with impacts of increased sediment trapping and dislocation of fish migratory routes
within the tributaries, the further encroachment of wetland areas would place increasing
pressure on existing environmental and ecological assets.

Climate change

The hydrological impacts of climate change are most significantly to increase runoff and the
variability of flows prompting increase risk of both peak flooding and dry season drought.
These impacts will not be uniform across the LMB. In terms of flooded areas and the extent of
wetlands, in the medium term (2030) climate change is forecast on average to more than offset
reductionsin flooding caused by the new storages, but unevenly so, with Cambodia in particular
seeing a significant increase in flooded area rel ative to the baseline.

In the very long term (2060), this trend is maintained, but with all countries seeing more
flooding than the baseline. Whilst it is possible to conclude that climate change has a positive
impact on the extent of wetlands, there are other features of climate change (such as impacts of
temperature rising, increased variability of flows and timing of the seasons, etc) which need to
be understood much better before fully understanding the impacts of climate change.

Overview of impacts of the scenarios

The assessments and conclusions drawn above have been assembled in asimple matrix to
illustrate the overall severity of environmental impacts of each scenario. Thisis presented in
Table 14 overleaf asameans of conveying an overview of the relative merits or demerits of
each scenario from national and basin-scale perspective.

The scoring is based on expert judgement and in all cases relative to the baseline. It takes
account of the significance to each country of the different impacts that may arise (thus for
instance alarge impact on the small area of wetlands in one country would be scored more
severely than a small impact on alarge areain another country even though the total area
impacted in the former isless than the latter). It also seeks to factor in the timing of impacts
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such as those associated with geomorphological changes (and adoptsin this regard the views
expressed in this report).

Table 14  Overall assessment of severity of environmental impacts by scenario
Ref Scenario Lao Thailand Cambodia Viet Nam Average
3000 Definite Future Scenario -1 -1 -1 -1 -1
Mildly Mildly Mildly Mildly Mildly
negative negative negative negative negative
5000 LMB 20-Year Plan Scenario -2 -2 -1 1 2
without mainstream dams . ) ) .
Negative Negative Mildly Mildly Negative
negative negative 9
6100 LMB 20-Year Plan Scenario -3 -2 -2 -1 -2
with 6 mainstream dams in . .
Northern Lao PDR Severely Negative Negative Mildly )
negative negative Negative
6300 LMB 20-Year Plan Scenario -3 -3 -2 -1 2
with 9 mainstream dams, excl i
Cambodia Severely Severely Negative Mildly Severely
negative negative negative negative
6200 LMB 20-Year Plan Scenario -3 -3 -3 1 3
with 9 mainstream dams, excl
Thailand Severely Severely Severely Mildly Severely
negative negative negative negative negative
4000 LMB 20-Year Plan Scenario -3 -3 -3 -1 3
Severely Severely Severely Mildly Severely
negative negative negative negative negative
4001 LMB 20-Year Plan Scenario -3 -3 -2 -2 3
Climate change .
Severely Severely Negative Severely
negative negative Negative negative
8000 LMB Long-term Development -3 -3 -3 3 3
Scenario
Severely Severely Severely Severely Severely
negative negative negative negative negative
8001 LMB Long-term Development -3 -3 -2 -3 3
Scenario .
Climate change Sever_ely Sever_ely Negative Severely Severely
negative negative negative negative
9000 LMB Very High Development -3 -3 -4 3 3
Scenario
Severely Severely Extremely Severel Extremel
negative negative negative neg ativg neg ativey

Impacts on fisheries

Fish consumption

Thetotal consumption of fish and other aquatic animals (OAA) inthe LMB is currently
estimated (2008) to be about 2.8 Mt (million tonnes), of which 1.8 Mt isfrom capture, including
some stocked and feral fish. The total production of fish and OAA inthe LMB is about 3.8Mt,
as a considerable amount is produced by aquaculture and exported el sewhere within the MRC
countries (but outside the LMB) and to international markets. Current estimates are that total
aquaculture is of the order 2.0 Mt, of which more than half is exported outside the basin.
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Demand for consumption of fisheries productsis expected to increase in line with population
growth, to about three million tonnes in 2015 and 3.6 million tonnes in 2030; thisincrease was
taken into account in the overdl evaluation.

I mpact assessment per habitat

A preliminary assessment has been made to estimate the likely impacts of developments and on
the current yield from fisheries. Capture fisheries yield includes a very wide range of species of
fish and other aquatic animals (OAA) caught in many different habitats.

The approach adopted has been to consider three broad categories of habitats and the likely
impacts of changes to the extent and condition of those habitats on fisheries yield within those
habitats. This has then enabled changes to be estimated of the amounts of fish and OAA
available for consumption in the LMB. The habitats considered in these estimates are (i) river-
floodplain wetlands, (ii) rainfed wetlands and (iii) reservoirs.

River-floodplain wetland habitats

River-floodplain habitatsinclude all the rivers and floodplains within the major flood zone,
defined as all land inundated during the Y ear 2000 flood. Thisland includes rivers, recession
rice fields, flooded forests, swamps and other floodplain water bodies. A significant proportion
of thisland isirrigated in the dry season. Fisheriesyield per unit areais much higher than in the
rainfed zone, but the river-floodplain zone is much smaller, so total yield from the two main
zonesissimilar.

Yield from R-FP habitats is estimated to be of the order of one million tonnes (see Figure 25
overleaf). Their fisheries are vulnerable to, inter alia, changes in the extent, duration and depth
of flooding, changes in nutrient flows and water quality, changesin migration triggers and
didocation of migratory paths by dam construction in both the mainstream and the tributaries
and by flood control works.

It should be noted that most of this habitat in Thailand is already disconnected by dams and
weirs, soisnot vulnerable to dams on the mainstream. The impacts on fish and OAA in the
river-floodplain zone are difficult to predict because of the many waysin which they may be
affected by dams, the large number of dams proposed, the lack of specific details for each
project, the limitations of survey data and the difficult of modelling inter-specific interactions.

Based on various observations and data, about half of the river-floodplain fish catch may be
black fish (or resident species) that will be less susceptible to dam impacts and about half will
be more ‘river-dependent’ speciesincluding ‘white fish’ which are more likely to be affected by
dams™.

¥t is recognised here that there is a body of opinion that believes the proportion of fish that are migratory lies within arange of 30-70% and
that therefore potentially the barrier impact of dams upon wild fisheries could be higher than forecast in this report.
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Taking al factorsinto account, by 2030 if all dams would be built, the total lossto river-
floodplain catches is hypothesised as 593 thousand tonnes per year or about 58% of the total
yield from this habitat class. Losses would be lessif fewer dams are built, with the most impact
being from mainstream dams in Cambodia.

The country experiencing the largest impact as a percentage of existing catches would be L ao,
with aloss of 84% of its baseline of 92 thousand tonnes, because of the likely high proportion of
river-dependent fish. However, the highest loss in absol ute terms and the largest component of
total losses will be in Cambodia, which would lose 354 of 565 thousand tonnes, a 63% loss.
Thailand (48 of 117 thousand tonnes) and Viet Nam delta (105 of 260 thousand tonnes) would
experience smaller but nevertheless significant impacts by 2030 if all dams are built.

Figure 25 Hypothesised losses of total catches (fish and OAA) in each country from the
river-floodplain habitat class under each scenario

600

mLao m Thai m Cambodia ' Viet Nam delta

500 - R
g 400 +
[<3]
2
=<
3 |
2L 300 | I
8]
©
o
D- |
[T
o 200 - L L - L L . Ii r

100 ' '

0 | ‘ ‘ J J J J
@9 Q@o (99Q o \YJ V‘\O @O 0@ q/@k
NG o> Q" ° &° &° &
P S S o N4 v
o oV o
O P qp"b >

Rainfed wetland habitats

Rainfed habitats comprise principally rice fields and associated small ponds, canals and ditches,
aswell as some remnant marshes and small watercourses. Some rainfed land isirrigated from
storages. Most rainfed habitat isin Thailand and, to alesser extent, Lao and in Cambodia
surrounding floodplains and in the Viet Nam delta outside the main flood zone.
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River-dependent species cannot migrate into rainfed habitats because of the many barriers,
shallow depths and fluctuating water levels, so these habitats support mainly black fish and
other resident species that recruit locally.

Figure 26 LMB fisheries 1400 1
yield from rainfed rice field
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Their fisheries yield may be significantly increased by additional irrigation; in the best-case by
2030 by about 22% or about 386 thousand tonnes, making up for about 40% of the loss to river-
floodplain catches, at a basin-wide scale.

However, intensifying rice farming often entails reducing irrigation depth and increasing
pesticide use which may offset any gains from irrigation, which in the worst case may therefore
lead to anet loss of ricefield fisheries.

Reservoir fisheries

The expansion of reservoirswill lead to an increase in fisheries production and catches. The
yield from al permanent surface water outside the mgjor flood zoneis currently estimated at
about 226 thousand tonnes, mostly from reservoirs, and the proposed reservoirs are likely to add
about 16-64 thousand tonnes (worst-best case) to thistotal, so are likely to provide only a minor
compensation (up to 11%) for lost catches from river-floodplain habitats.
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Figure 27 Change in 3507

fisheries yield from 300

permanent surface waters
under each scenario due to
additional ‘best-case’ yield
from reservoirs

250

200 -

150

Best Case

Fisheries yield (kt/year)

100 Worst Case

3.4.3 Overall assessment of

impact on capture fisheries 50

After taking into account
losses to river-floodplain R
fisheries, and best-case gains ®
to rainfed and reservoir

fisheries, under the 20-Y ear

Plan Scenario, with al LMB 11 mainstream, the net loss to capture fisheries basin-wide would
be 295 thousand tonnes or about 13% of the baseline.

In the worst-case however if intensive rice-farming impacts fisheries, and assuming low
reservoir yields, there would be a nett loss to inland fisheries basin-wide of 42% or 964
thousand tonnes, a very significant loss by any measure.

Figure 28 Overall 2,500
assessment of gains and G
losses in capture fisheries 2000 —
in the LMB ~
£ 1,500
.g
These overall figuresmask the 8 1,000
inequitable distribution of z Best Case
losses between the four 500 —=—Mid-Case
countries. Cambodia (40-57%) Worst Case
and Viet Nam (36-43%) will 0 ‘ :
suffer the highest losses under SR \({99‘< \0@0 0§’ o@@ 0@0 05,9*
the 20-Y ear Plan Scenario. N q/gﬁ &S U
& o,bo'q’ ,bcfl’o o
Under the 20-Y ear Plan v P P

Scenario without LMD (i.e. with only mainstream dams only in the Northern part of Lao PDR),
the decline in capture fisheries would be much less: 14-30% in Cambodia and 14-20% in Viet
Nam. The longer term scenarios would cause awider best case —worst case spread in possible
outcomes, dependent largely on management of rice farming.
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aso very significant issue.

Aquaculture development

Aquaculture has great potential to offset losses in the capture
fishery. Increasing river regulation and the devel opment of
other water distribution systems and other infrastructure are
generally favourable to aquaculture, even asthey are likely
to be generally damaging to capture fisheries.

Aquaculture

Mtons / yr

Aquaculture growth will be driven also by market prices. 1
Aquacultureyield in the LMB isforecast to double over the
next 20 years, to about four million tonnes, so the net 0 e

fisheries yield basin-wide s likely to increase, despite dam TR T ot Ve
impacts.

However, much of the production will continue to bein the deltawhere it is assumed that about
65% continues to be exported, and the products within the LMB will not generally be available
or affordable for the most-affected people, those who depend on fisheries on floodplains or
aong rivers well-upstream. In the worst-case, despite increasing aquaculture output, by 2030
there could be asignificant deficit in supply of fish and other aquatic animals basin-wide.

Overall fish supply and consumption demand

Viewed from a basin-wide perspective, under best-case assumptions, the large increasein
aguaculture yield for domestic consumption that is predicted will compensate for
predicted/hypothesi sed changes to capture fisheries yield. Thisisillustrated in Figure 30 where,
under mid-case assumptions the total production potential of capture fisheries and aquaculture
will exceed domestic consumption demandsin al Foreseeable Future Scenarios, except when
al mainstream (or w/o TMD) dams are built.
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However, from adistributional perspective, most of this deficit would accrue in Cambodia, as
illustrated in Figure 29, in Figure 31 and overleaf in Figure 32. Thailand and the Viet Nam
highlands would also suffer a deficit, and in Lao there would be a small deficit in the worst
case. The Viet Nam delta, benefitting most from aquaculture growth, would be in excess under
any scenario and assumptions.

Figure 31 Capture fisheries percent losses relative to baseline (mid-case)
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These findings may be broadly elaborated by country under the various assumptions made and
under full-development to 2030 as follows:

O Lao PDR: therewould be significant |osses from river-floodplain fisheries, which in the
best case would be more than offset by increasesin rain-fed and reservoir fisheries.
Additional aguaculture provides a further safety margin so that in the worst case at a
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Figure 32 Capture fisheries percent losses relative to Definite Future (mid-case)
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national level thereisasmall predicted loss. However, within the country the losses would
directly impact those who depend upon capture fisheries, for example along the Mekong
and large tributaries. Possible benefits would accrue to others, e.g. lowland rice farmers or
commercial fishersin reservoirs.

O Thailand: there would be relatively limited impacts on river-floodplain fisheries, but
potentially very large positive or negative impacts on rain-fed habitats where irrigation
would be expanded. The overall situation could vary from alarge excessto alarge deficit in
the supply needed to meet consumption demand, despite some benefit from increasing
aquaculture. Most fisheries yield derives from subsistence capture fisheries (some stocked),
but most policy focuses on aguaculture. The major issue to be addressed is how to develop
‘fish-friendly’ irrigation systems which will support increased subsistence capture fisheries
yield to meet demand.

O Cambodia: Cambodia has much to lose from intensive devel opment, with very significant
effects on the yield from its productive river-floodplain capture fisheries. The most
damaging dams are likely to be those on the mainstream in Cambodia itself asthey directly
impact migration routes and spawning grounds of many of the fishery speciesin theriver-
floodplain catches. Any possible compensation in rain-fed habitats and by aquaculture is
likely to be relatively minor leading to very large nett losses even under the best-case
assumptions by 2030, and would not directly compensate those most-affected, the many
landless and poor people who depend directly upon capture fisheries.

O Viet Nam ddta: there would be a steady decline in capture fisheries yield with significant
nett losses and little difference between best and worst-cases. However, aquaculture would
under any assumptions more than compensate for losses and would supply a considerable
excess for internal consumption, but this excess may not be available or affordable to
compensate for |osses el sewhere in the basin. The success of aguaculture in the Mekong
delta depends upon its dense cand system and flat and low-lying landscape, and many other
factors, which will limit the extent to which it can be replicated el sewhere.
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O Viet Nam highlands: thereis at present and would continue to be a deficit of fisheries
products under any scenario. Currently there are significant imports from the other places
including the delta and even under the best case (with significant increasesin yield from
new reservoirs) there would be a continuing need for internal imports.

If nothing is done to mitigate and manage capture fisheries impacts, and if current trendsto
intensification of agriculture continue, there would therefore be local significant deficits that
cannot be replaced by aguaculture yield.

It should be noted that these figures do not include the large quantity of aguaculture products
produced in the delta that are or will be exported out of the LMB. At aregiona scale, these
could theoretically compensate for any deficit, but aswell as the limitations on distribution
systems, the most-affected people would also be |least able to pay for such products.

Largeincreasesin river-floodplain capture fisheries yield could probably be achieved at present,
by managing water and habitat, by re-instating fish passage across the thousands of existing
barriers, by stocking, and by regulating fishing activities. In the absence of such measures
within the currently defined scenarios, this assessment simply assumes that impacts on river-
floodplain fisheries will be significant and unavoidable, which may be a pessimistic view.

Efforts are clearly needed to create real improvement in both habitat and fisheries management
and introduce effective mitigation measures to those changes brought about by the Definite
Future Scenario and by other choices that may be made with regard to the Foreseeable Future.
Significant benefits to fisheries could readily be achieved by managing rainfed rice fields and
irrigation systems in afish-friendly way. Increasing rice yields while at the same time
maintaining or increasing yields from fisheries will require careful management of both
technical and socio-economic issues, including promotion of integrated pest management (1PM)
and maintaining traditional deep-water rice farming systems. Thelikely gains from reservoir
fisheries are relatively modest in comparison with those achievable in rice fields.

Social impacts
Preamble

Assessment of the social impacts of the different scenarios has focussed on the impacts arising
principally from dam construction, flow regime change and depletion of capture fisheries,
taking into account also the outcomes of the environmental and fisheries assessments above.
The assessment dimensions and key indicators used are summarised in Table 15 overleaf. The
variables have been selected based on relevance and availability of updated official statistical
data.

There are also close links between the socia assessment and the economic assessment,

especialy with regard to employment in water resource related sectors. For convenience, the
opportunities for employment generation associated with the investments in infrastructure
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Table 15 Assessment dimensions and key indicators
Dimensions Definition Key indicators
Dependency The proportion of the population for whom % Part-time fishers
river resources are important for upholding o i )
livelihoods, health and well-being. % Full-time fishers
% Households (HHs) engaged in collection OAA/P
Consumption of fish/fish products
Exposure The state of being exposed to contact with Location in areas directly affected by hydropower
something - here defined by location viz. dams — upstream/downstream
hydropower dams and rivers that are Location on floodplains
affected by dam construction.
Proximity to rivers, tributaries and wetlands
connected to the main river system
Impacts on fish and OAA/P
Increase in irrigation area
Flooding risks
Sensitivity The degree to which a system (e.qg., Dependency value/rank (percent fishers)
human, environmental, blologl_cal, g_tc.) IS Importance of fish and OAA for food security
affected by and responds to stimuli in
proportion to their magnitude.
Resilience The capacity of a system(e.g., human, Poverty rate

environmental, biological, etc.) to absorb
disturbance and reorganize while
undergoing change so as to still retain
essentially the same function, structure,
identity, and feedbacks

Access to social services
Alternative livelihoods, incl. aquaculture
Literacy rate

making up each scenario, whilst estimated through the economic assessment, are discussed later
in this section on social assessment.

It is appropriate to preface the social assessment by noting that devel opment processes are
much wider than those related to changes in the river resources. In the longer-term it is very
likely that these wider processes will override the direct shorter-term impacts on people' s
livelihoods from dam construction, flood protection, and irrigation devel opment. Social
processes in parts of theregion, e.g., in Viet Nam, have moved at afast pace in the last decade,
with reduction in the poverty rate to well below 20 percent, though not uniformly so.

However, in other parts of the basin, social development has taken place at a slower rate. There
are pockets of poverty and extensive areas where peopl € s livelihoods to a very high degree
depend on the quality and their access to natural aquatic resources. By extension, both
vulnerability and resilience to the negative effects on livelihoods from water resources

devel opments must be assessed at amore local level and need to consider the impacts on
different socio-economic groups as defined by their dependence on natural water resources.

As noted in Section 2.2, impacts are eval uated based on the assessment of the changes brought
about to the 2008-09 economic, social and environmental landscapes. As previously stated,
clearly these landscapes will change over time as aresult of circumstances outside the water
resources sector. It seems probable that the broader economic growth being seen in each
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country, coupled with the ongoing poverty alleviation programmes, will have significant
impacts on rura livelihoods in the years ahead.

The scope of the current assessment is such that these factors cannot be accounted for.
However, given the likelihood that dependency on water resources amongst vulnerable
communitiesis likely to decrease and that resilience will improve, it appears likely that the
assessments made on the 2008-09 landscapes will represent an upper limit to the socia impacts.
This prompts two further considerations: that the longer some developments are delayed, the
likelihood that some of the social impacts will be less™ and, secondly, the need for further
studies to fully address these i ssues.

3.5.2 Cambodia

The main data sources that have been used for the social assessment of impactsin Cambodia
are: Cambodia Census 2008 (obtained from NIS in December 2009); Commune Database 2007
from NCDD Program (obtained in September 2009); Commune Poverty Rate 2007 (obtained
from WFP in September 2009); and Statistical Y earbook of Cambodia 2008 (obtained from
Economic Planning Department in 2009).

Under the different scenarios considered, Cambodiais expected to be socially impacted by the
changes in flow regime affecting the extent of flooding around Tonle Sap, the barrier effect of
mainstream dams and other flow related effects on capture fisheries, and the resettlement issues
associated with new dam construction, notably at Sambur and Stung Treng. The districts
expected to be impacted by one or more scenarios areillustrated in Figure 33.

Figure 33 Cambodia dams and impacted districts

Cambadia dams

Tl Ve meh a0l i HIS dae

0 Vew with M e

TG Long berm ceeskogrrerd

JURD ety Fah Sewslapre

Districts sffecisd

] e wah S e
T L W e

-] HIWLI Wery hagh deeoprren
Citteer

o Lot repter by
o 160 e 5 0 Cgtr (xpewianes

64

Assessment of Basin-wide Development Scenarios - Main Report 2011



Assessment of Basin-wide Development Scenarios
Main Report

Based on an analysis of the Census data, approximately 1 million people in Cambodia are
assessed to be dependent on river fisheriesin large-scale, community and subsistence fishing
and in fisheries related occupations. Within this, the number of vulnerable water resource users
dependent on water resources for their livelihoods and who are exposed to changes varies from
scenario to scenario. The nature of these impacts is summarised bel ow.

In the Definite Futur e Scenario, the main social impacts are as a conseguence of 10ss of
fisheries caused by the changesin flow regime as aresult of upstream dams, together with a
small number of peoplein aKrong Ban Leung district likely to be directly impacted by dam
construction.

In the Foreseeable Futur e Scenarios, the socia impacts arise from further dam construction
and the degree to which these disrupt the capture fisheries within Cambodia. One tributary dam
in the lower Se San River isenvisaged in al scenarios and this will impact upon the exposed
vulnerable population amongst fishing househol ds and the people to be resettled directly as a
result of the dam’s construction.

The more substantial social impactsin Cambodia arise however from the reduced capture
fisheries as aresult of tributary dam construction outside Cambodia together with the envisaged
mainstream dams. As discussed in Section 3.4, these impacts are greatest when the lower of the
mainstream dams are included.

In addition to these substantial impacts on fisheries, water quality deterioration in the Mekong
and Tonle Sap may also cause disruption to the natural ecosystem and could cause health-
related problems where the surface water is used for drinking. Furthermore, the reduced volume
of reverse flow to Tonle Sap and increased variability of timing will impact on recession rice
agriculture and the productivity of wetlands.

Other devel opments such as mining, land concessions and increasing (agricultural) landlessness
are likely to have negative social impacts in a manner that cannot yet be predicted but which
could exacerbate the situation for those vulnerable to the specific scenario devel opments.

Thelong term development scenarios, which include all mainstream dams, include further
tributary dam construction in Cambodia, which will add to the aready substantial negative
impacts described above by introducing further direct impacts from dam building and local
impacts on aquatic resources and fisheries. However, given the autonomous changes expected
in the socia landscape by 2060, the estimates for these scenarios are considered very tentative.

A summary of the socia impacts estimated for each scenario, expressed in terms of exposed
vulnerable resource users, isgiven in Table 16.
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Table 16 Cambodia - Exposed vulnerable resource users by scenario

Scenario Total fish and
dam related

Definite Future 62,000
20 year without mainstream dams 274,000
20 Year without LMB dams 294,000
20 Year without Cambodia mainstream dams 321,000
20 Year without Thai mainstream dams 1,212,000
20 Year with mainstream dams 1,212,000
2060 Long-term Development 1,224,000
2060 Very High Development 1,231,000

3.5.3 Lao PDR

The socia assessment of impactsin Lao PDR has been made using the Census 2005 and the
LECS of 2007/08. The latter survey covers the whole of Lao PDR with a sample of more than
8,000 households. It includes information on the involvement in fisheries.

Figure 34 Lao PDR — Dams and impacted
districts for all scenarios

The LEC$4 data shows that the population -.”:"’“L'Qx
in Lao PDR overwhelmingly is engaged in e
capture fisheries with 74% of al households <IN
in the country having fished in the previous
last 12 months. Of these 78% catch fishin
rivers. This comparesto 24-25% of all
households that catch fish in rice fields,

swamp and flood plains.

It should be noted that the importance of
capture fisheries varies between households.
However, the data on households' capture
fisheriesin the previous 24 hours (before the
time of interview) shows that 21% of
households had been fishing during that
limited period of time, spending on average
2.8 hours on this activity. Thisindicates a
general high importance of capture fisheries
for subsistence and food security.
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With the planned number of damsin Lao PDR, the natural fish yield in the dammed riversis
expected to decline dramatically, which will affect alarge part of the population using these
rivers. The social assessment is based on the number of Districts which will be exposed to the
changesin the river flowsin each of the scenarios, and thereby how many people will be

affected.
Scenario Fish related
Definite Future 297,000
20 year without mainstream dams 699,000
20 Year without LMB dams 782,000
20 Year without Cambodia mainstream dams 782,000
20 Year without Thai mainstream dams 907,000
Table 17 Lao PDR - 20 Year with mainstream dams 907,000
Exposed vulnerable 2060 Long-term Development 1,029,000
resource users by .
scenario 2060 Very High Development 1,106,000

The number of vulnerable resource users in the various scenarios has then been calculated as
shown in Table 14. A ‘high’ figure has been obtained by including both households that have
fished in rivers and floodplaing/swamps, and a ‘low’ figure by including only river fishing
households; the middle value of these two figures has then been used.

Thailand

The assessment of social impacts in Thailand has been undertaken on a different basis to the
other three countries due to the somewhat different nature of the circumstances creating social
impacts in the different scenarios. In Thailand’ s case impacts are expressed instead in terms of
the numbers of exposed vulnerable resource users, based on the assumption that 45% (NSO
2007 with 40% on-farm employment and assumption of 5% landless) of the population adjacent
to the mainstream.

The principal reason for this difference of approach is that within Thailand wild fisheries are
already substantially disconnected from the mainstream®®. Thus the productivity of capture
fisheries within the tributary systemsis largely immune from changes in flow regime and fish
migration in the mainstream. In fact, wild fisheries within these areas are likely to increase due
to the planned expansion of irrigated areas, increasing the opportunities for fish and OAA
production within the rice fields.

16 See Technical Note 11, Impacts on Fisheries, where in Section 2 it is noted that river-floodplain habitats are potentially impacted by dams
and other developments upstream or connected via migration routes. However, in Thailand most tributary rivers and floodplains are already
disconnected by dams and weirs, preventing or severely restricting immigration of aguatic animals, so cannot be further impacted by dams
elsewhere. For Thailand a conservative (over-estimated) level of possible impact was assumed.
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Figure 35 Thailand — Social impact corridor
along mainstream and impact hotspots
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tributaries and new
mainstream dams. Mainstream dams will in particular have significant impactsin terms of
resettlement and changed water levels.

As noted, dry season water levelsin the mainstream will generally be higher and flood levels
reduced with the planned devel opments. The presence of mainstream dams will createin
addition impoundment (with significant daily fluctuations) along nearly 60% of the river stretch
between Sambor at km 575 and Houei Xai (at km 2,300).

In addition to consideration of those exposed to changes in mainstream fish productivity,
provisional estimates for those placed at risk within Thailand include:

Q Mainstream dam construction: Approximately 400 people would be directly impacted at
the Pak Chom dam site and 300 at Ban Koum (EGAT);

O River bank vegetable garden: Increased impoundment will impact negatively on river
gardens, affecting approximately 12,600 people (2,500 HH) between Chiang Sean to
Nakhon Pnom and 3,700 (740 HH) between Nakhon Pnom to Ubol Rachathani (using GIS
calculation);

O Flooded areas: The changing pattern of flooding along the mainstream corridor in Thailand
is estimated to affect up to 896,000 people (179,000 HH), in both positive and negative
ways, based on the numbers recorded in high floods;

O Navigation: Increased water levelsin the dry season will improve navigability, offset to
some extent by the need to pass through locks where mainstream dams are constructed;
these impacts are most relevant between Chiang Sean and Chiang Khong.
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The overall assessment of the social impacts of the different scenarios within Thailand
expressed in terms of the numbers of exposed vulnerable resource usersis presented in Table
18.

Table 18 Thailand - Exposed vulnerable resource users by scenario

Scenario Fish related
Definite Future 46,000
20 year without mainstream dams 201,000
20 Year without LMB dams 201,000
20 Year without Cambodia mainstream dams 514,000
20 Year without Thai mainstream dams 259,000
20 Year with mainstream dams 514,000
2060 Long-term Development 514,000
2060 Very High Development 514,000

Viet Nam

The main data sources used in the assessment of social impactsin Viet Nam are: the Viet Nam
Household Living Standard Survey (VHLSS), 2008; BDP Fisheries Assessment, 2010;
Magnitude of capture fisheries and aquaculture in the Mekong Deltain Viet Nam, 2008; An
Giang Fisheries Survey, RIA2, MRC, 2000; and TraVinh Fisheries Survey, RIA2, MRC, 2002.

The impacts of the developments in each scenario on Viet Nam have been distinguished
between (i) impactsin the Central Highlands, where hydropower dams already exist and where
more will be constructed and (ii) the Mekong Delta, which will be directly affected by flow
regime changes caused by upstream devel opments.

The Central Highlands are not impacted by developments within the mainstream and other
tributaries, but will be affected by planned new dam construction and related effects on
fisheries. In contrast, the Mekong Delta’ s population of more than 17 million, being the highest
concentration of people in the basin, is directly impacted by changes in upstream flow and water
quality conditions. The delta area is a so the most vulnerable part of the basin to the impacts of
climate change, particularly potential sealevel rise.

Asfor other countries, the social impacts of the scenarios fall into two principal categories:
those relating to declining capture fisheries and those occasioned by dam construction. In the
case of the Central Highlands, indications are that the proportion of the popul ation who are
vulnerable resource usersisrelatively small and, combined with a mid-case fisheries increase
generally of 10% for this part of the basin, the degree of negative impact is assumed to be
negligible.
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Data on numbers likely
to be impacted by dam
construction in the
Central Highlands are
not readily available, but
in the context of the
basin asawhole are
expected to be small.

Figure 36 Main inland
fisheries districts in
Viet Nam delta

In the delta area, those
who arelikely to be
vulnerableto changesin =
fisheries productivity

(no dams are proposed in the delta for obvious topographic reasons) are those engaged directly
in wild fish capture fishing and in fisheries dependent occupations.

L’ S a 10

Estimates have been made of the number of people falling within these categories and, in
proportion to changes in fisheries productivity, the number of exposed vul nerable resource users
in each scenario. Given the predicted size of fishery losses compared to the size of this
population, the impacts are rated only moderately negative.

Table 19  Viet Nam - Exposed vulnerable resource users by scenario

Directly engaged Fisheries related

STEEIEY in fisheries occupations el
Definite Future 382,000 60,000 442,000
20 year without mainstream dams 391,000 61,000 452,000
20 Year without LMB dams 666,000 104,000 770,000
20 Year without Cambodia mainstream dams 941,000 147,000 1,088,000
20 Year without Thai mainstream dams 1,491,000 234,000 1,725,000
20 Year with mainstream dams 1,491,000 234,000 1,725,000
2060 Long-term Development 1,502,000 235,000 1,737,000
2060 Very High Development 1,506,000 235,000 1,741,000
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Employment creation

In the Definite Future Scenario, significant employment opportunities will be generated during
the construction of the hydropower plants and jobs will also created by annual O& M activities
following project completion. Total employment creation in the hydropower sector (see Table
20 overleaf) is estimated at about 104,000 jobs per annum. The development of reservoir
fisherieswill aso provide sustainable livelihood opportunities for rural communities
(approximately 15,000 jobs) in addition to 251,000 jobs created in the aquaculture sector. A
small risein navigation and tourism jobsis expected.

Very substantial employment opportunities would also be generated in the 20 Year Plan
Scenarios during the construction of hydropower plants as well subsequent annual
operation/maintenance activities. In total, the job opportunities are estimated to range from
224,000 without mainstream dams to 612,000 with all tributary and mainstream dams, in
addition to the Definite Future Scenario.

The development of irrigated agriculture will also create employment opportunities during the
construction of the infrastructure as well as for annual O& M works. Furthermore, additional
labour will be required for farm operations. It is estimated that an additional 410,600 jobs will
be generated by irrigation development in the LMB. Reservoir fisheries and further expansion
of aguaculture will also provide a significant number of additional livelihood opportunities for
rural communities (64,000 for reservoir fisheries and 352,000 for aquaculture). However,
employment generated in these sectorsis unlikely to offset the loss of livelihoods due to the
decline in capture fisheries.

Over the next 20 years, total number of additional job opportunities which could be generated
by the hydropower, agriculture and fisheries sectors within LMB could therefore range from
1.02 million (without mainstream dams) to 1.44 million (full development). After 20 years,
employment could increase further and these sectors could provide between 2.80 million (long
term devel opment) and 4.40 million jobs (very high development). This level of employment
creation would therefore make a very significant contribution to economic growth and rura
household incomes within the LMB.

Summary of social assessment findings

The assessment of social impacts has been made in terms of the number of people exposed to
changes in the river water resources and connected wetlands, and the number of people who are
dependent on these resources for their livelihoods. The overall findings for LMB countries of
livelihoods that would be affected by different scenarios are shown overleaf in Figure 37.

These findings provide an indication only of the extent to which rural livelihoods are likely to
be impacted. They are based on a number of significant assumptions (see Technical Note No.
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12) as to the dependency and vulnerability of rural dwellers on the natural resource system'’ and
likely to be impacted by dam construction.

Table 20 Comparison of employment creation by development scenario, sector and
country (‘000 job-years)
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Hydropower 104 224 387 534 469 612 612 661 661 708
Irrigated Agriculture 0 411 411 411 411 411 411 1,483 1,483 2,826
Reservoir Fisheries 15 32 40 60 51 64 72 126 126 141
Aquaculture 251 352 352 352 352 352 352 528 528 704
Total LMB 370 1,019 1,189 1,357 1,283 1,439 1,447 2,798 2,798 4,379
Lao PDR 93 354 512 530 577 581 581 864 864 1,465
Thailand 44 334 347 334 369 366 366 964 964 1,060
Cambodia 36 108 108 271 115 271 278 636 636 1,410
Viet Nam 197 222 222 222 222 222 222 334 334 445
Total LMB 370 1,019 1,189 1,357 1,283 1,439 1,447 2,798 2,798 4,379

Figure 37 Summary of exposed vulnerable resource users by country and scenario
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A comparison can be made of the numbers of jobs created with the numbers of people estimated
to be exposed vulnerable resource users. Thisis presented in Figure 38 for each country.

Figure 38 Comparison of numbers of exposed vulnerable resource users with jobs
created, ‘000 persons
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However three key points need to be bornein mind.

a

a

Firstly and foremost, it should be appreciated that the natur e of the jobs created may not
be appropriate for those whose livelihoods ar e thr eatened. Thus the current
infrastructural investments embodied within the various scenarios may, and most probably
do not, offer an immediate solution to the impacts they create on rurd livelihoods.

Secondly it is apparent that under the scenarios, notwithstanding the expected increase in
aguaculture, Viet Nam appears potentially exposed to a much greater extent than other
countries, notwithstanding that the severity is expected be less, but nevertheless with
proportionately fewer jobs being created within the current scenarios.

Thirdly, it isevident that under the scenarios with Cambodian mainstream dams, the social
impacts in Cambodia are particularly severe. However, it is observed that the mgjority of
new rural jobs are associated with expansion of irrigation, most of which occurs only in the
long term or very high development, well after the severe impacts have been incurred.

secondary activities such as those engaged in marketing and distribution of wild fish catches. Some view that the numbers of vulnerable
livelihoods could be as much as double those estimated in this report.
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The availability of sufficiently detailed information has constrained the social assessments made
in this report. Nevertheless, the information generated does point with a degree of confidence as
to where social impacts can be expected from the developments in each scenario.

Definite Future Scenario

The Definite Future Scenario relates to the completion of the UMB mainstream dam cascade
and the completion of 26 dams in the tributaries, which are under construction or for which
commitments have been made. These developments will have both local effects (including
resettlement, disruption of local fishing activities and the like) as well as transboundary impacts
caused by flow and sediment flow modifications depressing the productivity of capture fisheries
activities elsewhere within the basin.

These impacts will befelt most in Lao (local effects of dam construction) and in Cambodia and
Viet Nam (reduction in fisheries productivity). In total nearly 900,000 people could be affected
to one degree or another. The severity of these impactsis hard to predict (in the absence of
detailed social surveys of the affected locations — see earlier maps) but it should be viewed as
unquestionable that rural livelihoods will be impacted in al four countries as aresult of these
devel opments.

The key issue hereisthat these are inevitable consequences of projects that are already under
way and that actions are needed in each country to manage the consequences.

Foreseeable Future Scenario

The Foreseeable Future Scenariosinclude a significant increase in tributary storage and in
irrigated agriculture, together with various combinations of up to 11 new mainstream run-of-
the-river dams for hydropower generation. Asin the Definite Future Scenario, these
developments will have both local effects related to dam construction and operation and
transboundary impacts related to reduction in productivity of capture fisheries activities.

The planned development of afurther 30 tributary dams (together with widespread expansion of
irrigated areas) will more than double the impacted numbers of vulnerable livelihoods affected
in Lao PDR (primarily as aresult of dam construction) and in Cambodia (primarily as aresult of
reduced capture fisheries productivity). Overall the numbers of vulnerable people will riseto
approximately 1.4 million.

The devel opment of mainstream dams substantially increases the number of people affected by
nearly 2.9 million over and above the 1.4 million above if al 11 dams are constructed (raising
the total to nearly 4.4 million people affected compared to the baseline), principally as a result
of areduction in flood plain fisheries productivity but also as aresult of the modified water
levels and fisheries reduction along the mainstream as a direct impact of dam construction.

Lao PDR and Thailand suffer moderate increases as adirect impact of mainstream dam
construction and modified mainstream flow conditions, whereas Cambodia and Viet Nam suffer
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substantialy as aresult of reduced flood plain productivity (plusin Cambodia's case the
additional impacts of mainstream dam construction).

The intermediate scenarios considered under the Foreseeable Future Scenarios follow asimilar
pattern of impacts related to where dams are constructed and their overall impact on fisheries
(the latter being the more significant factor in terms of total numbers of people affected within
the basin — although in the cases of Lao PDR and Thailand, from a national perspective, the key
issue is the location of the mainstream dams and the manner in which they are operated).

Of the mainstream dam scenarios considered, the one with the least impact is that with only the
upper six dams constructed wherein the total number of people affected is reduced from the 4.3
million above to just over 2.0 million (or 600,000 more than without any mainstream dams). Of
these 2.0 million, 782,000 arein Lao (direct effects), 201,000 in Thailand (mainly backwater

effects) and, as aresult of fisheries productivity decreases, 262,000 in Cambodia and 770,000in
Viet Nam (noting that the severity of impact in Viet Nam per capitaislower than in Cambodia).

Long-term scenarios

In the long term scenarios, the key drivers are continued expansion of both tributary dam
construction and irrigated areas. These contribute to increasing numbers of people affected
directly by dam construction (felt where the dams are located) and less pronounced increasein
fisheries productivity reduction. Thus the total numbers affected rise afurther 230,000 to 4.6
million, with the majority of these beingin Lao PDR.

Overview of impacts of the scenarios

As with the environmental assessment, the social assessments and conclusions drawn above
have been assembled in asimple matrix to illustrate the overall severity of environmental
impacts of each scenario.

Thisis presented in Table 21 as a means of conveying an overview of the relative merits or
demerits of each scenario from national and basin-scal e perspective. The scoring isinevitably
subjective and in all cases relative to the baseline. It takes account of the significance to each
country of the different impacts that may arise (thus for instance alarge impact on a small
number of peoplein one country would be scored more severely than asmall impact on a
population in another country even though the total population impacted in the former is less
than the latter).

It isvery evident that, as with some of the environmental issues above, complementary studies
are needed over the next 5 yearsto provide strategic direction as to how devel opment projects
are implemented in the affected areas.
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Table 21  Overall assessment of severity of social impacts by scenario
Ref Scenario Lao Thailand Cambodia Viet Nam Average
3000 Definite Future Scenario -2 -1 -1 -1 -1
Negative Mild{y Mildl_y Mild{y Negative
negative negative negative
5000 LMB 20-Year Plan Scenario -3 -1 -2 -1 -2
without mainstream dams Severely Mildly Negative Mildly _
. : : Negative
negative negative negative
6100 LMB 20-Year Plan Scenario -3 -1 -3 -2 -3
with 6 mainstream dams in : "
Severely Mildly Severely Negative Severely
Northern Lao PDR negative negative negative negative
6300 LMB 20-Year Plan Scenario -3 -1 -3 -2 -2
with 9 mainstream dams, excl ; :
‘ ! Severely Mildly Severely Negative )
Cambodia negative negative negative Negative
6200 LMB 20-Year Plan Scenario -3 -2 -4 -2 -3
\{_V:h.lg rr(\jalnstream dams, excl Severely Negative Extremely Negative Severely
atian negative negative negative
4000 LMB 20-Year Plan Scenario -3 -3 -4 -2 -3
Severely Severely Extremely Negative Severely
negative negative negative negative
4001 LMB 20-Year Plan Scenario -3 -3 -4 -2 -3
Climate change Severely Severely Extremely Negative Severely
negative negative negative negative
8000 LMB Long-term Development -3 -3 -4 -2 -3
Scenario Severely Severely Extremely Negative Severely
negative negative negative negative
8001 LMB Long-term Development -3 -3 -4 -4 -4
gfena;no h Severely Severely Extremely Extremely Extremely
imate change negative negative negative negative negative
9000 LMB Very High Development -3 -3 -4 -2 -3
Scenario Severely Severely Extremely Negative Severely
negative negative negative negative
Economic impacts
Economic costs and benefits
. H Flood control
Economics costs and benefits have been evaluated for all Py
Imgation

scenarios following the methodol ogies set out in Technical Note
2, Assessment Methodol ogies. The results of the economic
assessment are summarised below by scenario, sector and
country.

As summarised in Figure 39, total investment costs range from
approximately US$8.9 billion in the Definite Future Scenario to
US$63.7 billionin the LMB 20-Y ear Plan Scenario and

Hydropow er f/"
B1%

e 17%

-
Investment
proportions in 20-
year plan

US$77.3 billionin the Long Term Very High Development Scenario. The major part comprises
investments in hydropower devel opments with Lao PDR accounting for the high proportion of

the hydropower investments.
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Figure 39 Investment costs by country and development scenario
40,000 +
35,000 -
30,000 -
c 25,000 +
S
g 20,000 -
]
15,000 A
10,000 A
5,000 -
Oint No MS No L INThINC I20YPII LT VHh
efinite (o] 0 Lower (o] al o Cam r Plan ong Term ery Hig
Future Dams MS Dams Dams 20 Yr Plan +CC Long Term +CC Devt
B Lao PDR 4,683 15,271 23,853 27,887 30,872 30,872 30,872 31,850 31,850 37,884
B Thailand 682 4,703 7,761 4,702 15,125 15,125 15,125 16,126 16,126 16,995
Cambodia 806 1,837 1,837 14,115 1,830 14,115 14,115 17,134 17,134 21,729
Vietnam 2,747 3,601 3,601 3,601 3,601 3,601 3,601 2,577 2,577 2,684

Thedistribution of economic net present value (NPV) is presented in Figure 40 and also in
Table 22 overleaf. The analysis clearly demonstrates the overwhelming economic significance
of hydropower within the different devel opments under consideration.

Figure 40 NPV of economic benefits by country and development scenario

35,000 -
30,000 -
25,000
c
2 20,000
E
?’:;; 15,000 -
10,000 -
- I‘
Oint No MS NL No Th No C 20YPI L T V Hh
efinite o o ower o Thai o Cam r Plan ong Term Very Hig
Future Dams Dams Dams 20 yr Plan +CC Long Term +CC Devt
M Lao PDR 6,595 11,688 17,636 18,927 22,632 22,588 22,604 26,401 26,501 29,608
M Thailand 1,095 2,750 3,913 3,970 4,223 4,410 4,445 5,011 5,097 6,351
Cambodia 693 1,446 1,351 2,237 1,143 2,237 2,628 5,302 5,470 13,134
Vietnam 3,317 3,711 3,828 4,142 3,741 4,151 3,727 4,755 4,292 5,423
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Table 22 Comparison of economic NPV in each scenario with the Baseline by sector and
country (uss million)

8 8 TQ 8 8 8
a tgg a2z @ g2 o og £ 5§ 55

2o 82, §38 BF.§ B8 5 §EE C_EorEBoI.

$2 %0F 500 505 3oEe I 208 £33 £3ES 283

(el N0 ]N2= N30 30= 5% N+0 J0wn 000 a>A0
Hydropower 11,491 17,603 25,002 28,706 30,333 32,823 32,823 37,865 37,865 38,787
Irrigated Agriculture 0 1,659 1,659 1,659 1,659 1,659 1,659 4,268 4,268 16,129
Reservoir Fisheries 91 107 132 202 169 215 215 420 420 473
Aquaculture 1,129 1,261 1,261 1,261 1,261 1,261 1,261 1,892 1,892 2,522
Capture Fisheries Losses -946 -732 -952 1,914 -1,218 1,936 -1,936 1,818 -1,818 1,801
Wetland Area Reduction™® 228 -176 -178 225 -178 225 101 -260 36 -310
Eco-hotspots/Biodiversity -85 -220 -240 -330 -305 -330 -415 -435 -525 -700
Forests -153 -183 -228 -349 -254 -372 -372 -731 -731 -822
Recession Rice -144 -173 -175 -178 -176 -178 278 -226 185 -274
Flood Mitigation 461 360 360 360 360 377 -273 408 -296 432
Saline Area Reduction 20 25 23 21 23 27 -2 22 -2 16
Riverbank Erosion 0 n n n n n n n n n
Navigation 64 64 64 64 64 64 64 64 64 64
Total LMB 11,700 19,596 26,729 29,277 31,739 33,386 33,404 41,469 41,359 54,516
Lao PDR 6,595 11,688 17,636 18,927 22,632 22,588 22,604 26,401 26,501 29,608
Thailand 1,095 2,750 3,913 3,970 4,223 4,410 4,445 5,011 5,097 6,351
Cambodia 693 1,446 1,351 2,237 1,143 2,237 2,628 5,302 5,470 13,134
Viet Nam 3,317 3,711 3,828 4,142 3,741 4,151 3,727 4,755 4,292 5,423
Total LMB 11,700 19,596 26,729 29,277 31,739 33,386 33,404 41,469 41,359 54,516

In addition to the current devel opments in the Definite Future Scenario, the 27 tributary
hydropower dams proposed in the Foreseeabl e Future Scenarios have an overall NPV of US$6.1
billion in economic terms, and the 11 mainstream dams potentially would add a further US$15.2

billion to this.

In contrast, al other productive sectors (e.g. irrigated agriculture and culture fisheries) generate
between 9% and 16% of the hydropower NPV (depending on the scenario under consideration),
and economic lossesincurred in by capture fisheries and wetlands/environmental hotspots are at
most 9% of the hydropower NPV.

The benefits attributed to hydropower are derived from those associated with generating energy
at source and additionally from subsequently importing / exporting energy through trading

%8 Includes impacts on garden areas alongside the Mekong mainstream as determined in Technical Note 9, Section 4.2.2
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between countries. The approximate splits between these two benefits for each country are
illustrated in Figure 41 below.

Figure 41
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It should be noted however that investment decisionsin hydropower are generally made on
financial grounds and are greatly influenced by the electricity tariffs that the energy generated
can command. Analyses conducted in the BDP2 study of hydropower benefits suggest that,
notwithstanding their economic attractiveness, it can be expected that somewhere in the order of
20% of the installed capacity in the 20 Y ear Plan Scenario may be difficult to finance.
Furthermore, from the analyses undertaken, these same 20% represent some 35% of the
incremental storage associated with the Foreseeable Future Scenarios.

The ranking of hydropower projects within the 20-year scenario based on their financial
attractiveness at a mid-range tariff of US$50/MWhr isillustrated in Figure 42 overleaf.

Economic losses in the fisheries sector, whilst offset by increasesin reservoir fisheries and the
potential rapid expansion of aquaculture, are of the order of US$0.95 billion (NPV) in the
Definite Future Scenario. In the Foreseeable Future Scenario with mainstream dams, these
losses rise to US$1.94 billion NPV. The point hereis not that thisis small compared to the
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Figure 42 Ranking of hydropower projects based on their financial attractiveness at a
tariff of US$50/MWhr
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hydropower benefits, but that this loss would have to be largely borne by the rura fishing
community, many of whom are the vulnerable poor.

Economic benefits from irrigation development are satisfactory with an overall NPV of
US$1.66 billionin the 20 Y ear Plan Scenario. Thailand accounts for 65% of the proposed
irrigated area, but benefits per hectare are lower in comparison to other countries. Thisis due to
more limited potential for dry season cropping in the absence of storage reservairs.

The distribution of net economic benefits between countries (see Figure 40) is substantially
determined by the value of economic benefits accruing to each country. Thisis based on a
conventional approach whereby both the power generator and the power user both benefit from
the power supplied. Under these assumptions, Lao PDR (as the largest investor and power
generator) gains the most economic benefitsin all development scenarios. Under the LMB 20-
Y ear Plan Scenario, the economic benefits to Cambodia are relatively low due to the adverse
impact on capture fisheries and wetlands/environmental hot spots, as well as the negative NPV
of the Stung Treng mainstream dam.

80

Assessment of Basin-wide Development Scenarios - Main Report 2011

Viability



4.1

4.2

Assessment of Basin-wide Development Scenarios
Main Report

Relative merits of scenarios

Introduction

This chapter draws on the understandings reached in overall findings set out in Chapter 3 and
sets out an appreciation of the main benefits and disbenefits of each scenario.

Full details of the assessments made are presented in Appendices B, C and D in increasing
levels of summary. An overview of the performance of the scenarios against the agreed
assessment framework is presented in Section 4.6.2 at the end of this Chapter.

Definite Future Scenario
Scenario content

This scenario examines the impacts of developments already in place, under construction or for
which commitments have been made to proceed with the development. The main features are
the construction of the major new storagesin the UMB in China and an additional 26 tributary
dams within the LMB. No additional irrigation is assumed. The scenario thus investigates the
impacts of these committed developments, which are expected to bein place by 2015.

Hydrological impacts

The damsin the UMB under construction will together introduce an additional storage of 22.9
BCM into the basin, which together with the completion of 26 hydropower projectsin the LMB
with atotd active storage of 13.7 BCM, will increase the total active storage in the basin by
370% to an amount equivalent to 10% of the mean annual runoff (MAR). Thiswill have a
substantial impact on the mainstream river flows, which previously has seen no observed net
change since recording began in 1915.

These changes will result in an increase in dry season flows at Kratie of 19% on average and in
March by 40% with water levelsrising by typically 0.8m. In contrast wet season discharges will
reduce by about 4% on average with peak daily flows reduced on average by 7%. The trends
observed at Kratie in general are reflected throughout the length of the main stream with the
difference between the baseline and the other scenarios being most marked at the northerly end
(eg Vientiane) where the influence of the UMD mainstream dams is greatest. These effects
attenuate further downstream. From subsequent analyses (see Section 5.4) it is noted that the
additional dry season flows from the UMB are by themselves sufficient to meet incremental
demands in the 20-year Foreseeable Future Scenarios.

The regulation of the mainstream flows will reduce the extent of annual average flooding in the
LMB by some 249,000ha (5%). Flooding extent will reduce in Lao PDR by 64,000 ha (16%), in
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Thailand by 64,000 ha (16%), in Cambodia with 106,000 ha (5%) and in Viet Nam by 11,000
ha (1%). Flow reversal volume into Tonle Sap by will reduce by some 8% with an average 3-
day delay in this occurring and, in the absence of increased irrigation areasin Viet Nam affected
by salinity intrusion will be reduced by some 15%.

Environmental impacts

The increased storage within the basin will also significantly reduce sediment inflows to the
LMB. Thiswill precipitate along term change in the river’' s geomorphol ogy leading to slope
adjustment, scouring and bank erosion (see Section 3.3.2). Whilst there are different views of
how soon before these changes become noticeable, it is unquestioned that they areirreversible.
A key issueinthisregard is the timing of impacts caused in the delta area and how soon and to
what extent regression of the delta may occur. Further research is needed to understand these
processes and the degree of threat posed.

The combination of reduced flooding and depleted natural nutrients within the system will
reduce wetlands and their productivity. Wetland areas will reduce by about 35,000ha (2.4%),
river habitats will be diminished noticeably in Lao and Thailand. Environmental hotspots on the
mainstream in Northern Thailand and on the Lower Sesan in Cambodia will be impacted by the
ongoing developments in this scenario.

The combination of these changes and blockage of fish migration caused mostly by current
tributary dam development in the LMB will deplete capture fisheries, which will be reduced by
an estimated 15% in Lao PDR, 3% in Thailand, 7% in Cambodia, and by 9% in Viet Nam.
Reductions in sediment outflow from the basin will also negatively impact upon marine
fisheries.

Social impacts

The combined impacts of principally reservoir construction and wetland productivity reduction
are estimated to put at risk the livelihoods of some 887,000 people within the LMB. In Lao PDR
some 297,000 are likely to be affected, in Thailand some 46,000, in Cambodia 102,000 and in
Viet Nam about 442,000. At the same time, construction activities, new reservoir fisheries and
aguaculture are forecast to generate some 370,000 new jobs.

Economic impacts

The scenario will create a net economic benefit to the LMB countries of US$ 11,700 million
NPV, mainly from new hydropower but also from reductions of flood damages and salinity
intrusion and increases of reservoir fisheries and navigation. The investments are highest in Lao
PDR and Viet Nam and these countries will benefit most: Lao PDR with US$ 6,595 million and
Viet Nam with US$ 3,317 million. Thailand and Cambodia benefit with US$ 1,095 million and
US$ 693 million, respectively.
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In summary

This scenario is aready being implemented. Notwithstanding the favourable economic benefits
that will arise, the assessment has highlighted the inevitable and irreversible environmental and
socia impacts that will occur over time.

On a positive note, these developments provide sufficient storage within the basin, which if
operated as assumed, will provide sufficient dry season flow augmentation to meet the demands
for increased irrigation as set out in the 20-year plan scenarios.

Foreseeable Future Scenarios (20-year plan)

The foreseeabl e future scenarios comprise the development plans for each country over the next
20 years (to 2030) and are distinguished principally by different combinations of the 11
mainstream dams under consideration for the LMB. In addition, a separate assessment has been
made of flood management plans set out for Cambodia and Viet Nam.

20-Year Plan Scenario without Mainstream Dams
Scenario content

The 20-Y ear Plan Scenario without Mainstream Dams examines the impacts of the planned
development in the LMB by 2030 of 56 additional tributary dams (30 more than in the Definite
Future Scenario) and 1.6 Mha of irrigation, of which 245,000haisin Lao PDR, 1,370,000hain
Thailand and 183,000ha in Cambodia. In contrast, theirrigation areain Viet Nam is expected to
be some 201,000ha less than the basdline.

The 56 dams are for expansion of hydropower and represent atotal incremental capacity of 10.1
GW with a combined additional active storage of 34.4 BCM. Total irrigated cropped areais
forecast to rise by 3.1Mha, giving an average irrigated cropping intensity of 182%.

Hydrological impacts

Theincrease in dry season flows from the new storages is more than sufficient to meet the
additional irrigation demands and as a result the dry season flowsin March will be typically
33% higher than the baseline at Tan Chau and 91% greater at Vientiane, representing a 9%
increase over the Definite Future Scenario. Similarly, average peak daily flowsin the flood
season will be typically 8% less than the baseline and 3% less than the Definite Future Scenario.

These modifications to flow will cause similar but somewhat larger changes than the Definite
Future Scenario to flooding (a 300,000ha reduction in average annual areafrom the baseline),
saline intrusion (305,000ha reduction in affected areas) and flow reversal (a 12% reduction of
volume entering Tonle Sap compared to the baseline).
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Environmental impacts

The 45% increase in storage within the overall basin (89% increase in the LMB) over and above
the Definite Future Scenario will further reduce sediment inflows to the LMB and exacerbate
the geomorphological changes forecast for the Definite Future Scenario (over which there are
different views of these will be become noticeable). Together with reduction in flooding and
depletion of natural nutrients these changes will further reduce wetland areas and their
productivity. Compared to the baseline, wetland areas will be reduced by about 47,000ha
(3.2%), and river habitats will be diminished noticeably in Lao (more so than in the Definite
Future) and Thailand. Environmental hotspots on the mainstream will be markedly affected in
Lao PDR, Thailand and Cambodia.

The combination of the reductionsin wetlands, blockage of fish migration by the tributary dams
in the LMB and the reduced sediment flows will deplete capture fisheries, which will be
reduced by an estimated 10% inthe LMB (15% in Lao PDR, 4% in Thailand, 15% in
Cambodia, and by 9% in Viet Nam) compared to the baseline. Reductions in sediment outflow
from the basin will also negatively impact upon marine fisheries. Compared to the Definite
Future Scenario, capture fisheries would further decline, most significantly in Cambodia (8%)
but lessin the other countries: Lao PDR (0%), Thailand (1%), and Viet Nam (4%).

The number of highly impacted environmenta hotspots would increase from two in the definite
future situation to five. All three additional highly impacted hotspots are situated along the
Mekong mainstream: two in Northern Lao PDR and one between Vientiane and the Mun river
confluence.

Social impacts

The combined impacts of principaly reservoir construction and wetland productivity reduction
are estimated to put at risk the livelihoods of some 1,409,000 people withinthe LMB. In Lao
PDR some 699,000 are likely to be affected, in Thailand some 210,000, in Cambodia 212,000
and in Viet Nam about 452,000. Compared to the Definite Future Scenario, livelihoods
threatened would rise by 76% in the basin, principally in Lao PDR (135%) and Cambodia
(108%).

At the same time the scenario would create 820,000 job opportunitiesin all four LMB countries
compared to the baseline (up 450,000 compared to the Definite Future Scenario), primarily in
the hydropower, irrigation, and fisheries (reservoir and aquaculture) sectors. It is estimated that
an additional 411,000 jobswould be created in the irrigation sector, of which 119,000 would be
in Thailand.

Economic impacts

Relative to the baseline, this scenario would generate net economic benefits of US$ 19,596
million NPV, of which US$ 11,688 million would arisein Lao PDR, US$ 2,750 million in
Thailand, US$ 1,446 million in Cambodiaand US$ 3,712 million in Viet Nam. Overall this
represents an increase of US$ 7,896 million NPV over and beyond those in the Definite Future
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Scenario (a 46% increase with Lao PDR and Thailand benefitting the most). The benefits stem
largely from new hydropower dams on the tributaries and new irrigation. Asin al 20-year plan
scenarios, new irrigation contributes US$ 1,659 million of these net benefits. The contribution
of benefits and lossesin the other water related sectors (environment, fisheries, navigation,
salinity intrusion, recessionrice, etc.) isrelatively small and in the range of US$ 0-200 million
NPV.

In summary

All countries benefit economically from this scenario, the largest benefits accruing to Lao PDR,
mainly from hydropower and associated reservoir fisheries, and to Thailand (large scae
irrigation expansion and associated risein rice-field fisheries potential). Elsewhere, some
irrigation benefits accrue in Cambodia, and Viet Nam benefits from areduction in saline
intrusion over and above that in the Definite Future Scenario. Flood damages are generally
reduced also. Overall net benefits rise by some 46% compared to the Definite Future Scenario.

These substantial gains are offset by an increased threat level to environmenta hotspots and a
reduction in wetlands productivity, with an estimated overall declinein capture fisheries
(including reservair fisheries) of an estimated 10% in the LMB, with Lao PDR and Cambodia
both losing 15% compared to the baseline, and with Cambodia suffering a further 8% loss
compared to the Definite Future Scenario. Overall, notwithstanding the creation of an additional
820,000 job opportunities, the number of rural livelihoods threatened are estimated to be
1,409,000, arise of 59% compared to the Definite Future Scenario.

20-Year Plan Scenario without Lower Mainstream Dams
Scenario content

The 20-Y ear Plan Scenario without Lower Mainstream Dams examines the impacts of adding
six mainstream dams to the scenario above, being in upstream to downstream order:

Ref Project Name Installed capacity MW Live storage MCM
L052 Pakbeng 1,230 442
L0O53 Luang Prabang 1,410 734
L054 Xayabuly 1,260 225
LO55 Paklay 1,320 384
LO56 Sanakham 1,200 106
LO57 Sangthong-Pakchom 1,079 217

The other components of the scenario are as before, namely 56 additiona tributary dams (30
more than in the Definite Future Scenario) and 1.6 Mha of irrigation. The total incremental
capacity of the hydropower is 17.6GW of which 7.5GW is associated with the mainstream
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dams. Being run-of-the-river, the mainstream dams add only 2.5 BCM of additional active
storage to the incremental 34.4 BCM in UMB and tributary storages.

Hydrological impacts

The mainstream dams, being run-of-the-river, have only minor effect on the basin-scale
hydrology but will have significant impact locally, raising water levels in upstream pondage
areas and, depending upon their operation, downstream. Whilst flood season flows will remain
largely unchanged from the scenario without mainstream dams, there will be a small increasein
dry season flows (typically 3%) as a consequence of the increased regulation.

Thus for this scenario, compared to the baseline, overall flooded areas are 307,000ha bel ow the
average annual area, saline intrusion affected areas are 319,000ha less and flow reversal remains
at about a 12% reduction of volume entering Tonle Sap with a slight increase in the delay of
flow reversal occurring.

Environmental impacts

The presence of the mainstream dams will have significant impact on local sedimentation, the
extent of which will depend very much on how they are operated and the effectiveness of
sediment flushing. Whilst recognising that there are differences of view over the basin scale
impacts on sedimentation, the view expressed in thisreport isthat over time sedimentation
behind the mainstream dams will reach equilibrium and not cause a net reduction in sediments
flowing to the downstream areas. The timing of flushing in relation to early floods and the
manner in which flood protection is operated is an areawhich will need careful consideration
however.

The presence of the mainstream dams would have incremental environmental impacts over and
above the 20-year plan without mainstream dams. These will arise from the increased pondage
and backwater effects of these dams and their barrier effect on the fish migrating in this part of
the mainstream. There will be adirect and severe negative impact on loca environmental
hotspots with a further two affected: one between Lao PDR and Myanmar (Golden Quadrangle)
and one between Lao PDR and Thailand (Songkram River Floodplains). Crucialy, the
mainstream dams will have a severe impact upon Giant Catfish numbers, one of the flagship
species, and could lead to its extinction along with other species locally.

Given their location at the farther end of the basin’s main migratory routes, the presence of the
mainstream dams as barriers to migration will have amarginal effect on capture fisheries,
reducing productivity by afurther 2% typically. In relation to the baseline however, overal
capture fisheries production would be some 12% depleted, being by 16% in Lao PDR, 5% in
Thailand, 18% in Cambodiaand 16% in Viet Nam.

However compared to the Definite Future Scenario, capture fisheries would continue decline
most significantly in Cambodia (12%) and Viet Nam (8%), but less in the other countries: Lao
PDR (1%) and Thailand (1%). Reductions in sediment outflow from the basin will remain
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similar to the 20-year plan without mainstream dams and will have negative impacts upon
marine fisheries.

Social impacts

Over and above the impacts of the 20-year plan without mainstream dams, the conversion of the
mainstream in the Northern part of Lao PDR into a series of slow moving waters between run-
of-the-river hydropower schemes would create localised impacts for people dependent on the
river system for their livelihoods.

Together with the other impacts of that scenario and the further reduction of capture fisheries
and construction activities, the 20-Y ear Plan Scenario without Lower Mainstream Dams would
atogether impact upon 2,015,000 livelihoods (782,000 in Lao PDR, 201,000 in Thailand,
262,000 in Cambodia and 770,000 in Viet Nam. This represents an overall increase of 43% over
the 20-year plan without mainstream dams and a 127% increase over the definite future
scenario.

At the same time the scenario would create an additional 170,000 jobs compared to the 20-year
plan without mainstream dams, bringing the total to 990,000 job opportunitiesin all four LMB
countries compared to the baseline (up 620,000 compared to the Definite Future Scenario).

Economic impacts

Relative to the baseline, this scenario would generate net economic benefits of US$ 26,728
million NPV, of which US$ 17,636 million would arisein Lao PDR, US$ 3,913 millionin
Thailand, US$ 1,351 million in Cambodia and US$ 3,828 millionin Viet Nam.

Compared to the to the 20-year plan without mainstream dams, the incremental net benefits
(gains and losses) of the six mainstream dams are US$ 7,132 million of which Lao PDR gains
US$ 5,948 million, Thailand US$ 1,163 million and Viet Nam US$ 117 million, but with
Cambodialosing marginally by US$ 95 million.

Neverthel ess compared to the Definite Future Scenario, all countries gain by atotal of US$
15,028 million of which Lao PDR gains US$ 11,041 million, Thailand US$ 2,818 million,
Cambodia US$ 657 million and Viet Nam US$ 511 million.

In summary

All countries benefit economically from this scenario, the largest benefits accruing to Lao PDR,
mainly from hydropower and associated reservoir fisheries, and to Thailand (large scae
irrigation expansion and associated risein rice-field fisheries potential). Elsewhere, some
irrigation benefits accrue in Cambodia, and Viet Nam benefits from areduction in saline
intrusion over and above that in the Definite Future Scenario. Flood damages are generally
reduced also. Overall net benefits rise by some 87% compared to the Definite Future Scenario.
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From an economic perspective, this scenario provides substantial economic gain with Lao PDR
and Thailand gaining most from the presence of the six mainstream dams and with the mgority
of environmental and social impacts from those damsfalling to Lao PDR.

Nevertheless, as with the previous scenario without mainstream dams, these substantial gains
are offset by an increased threat level to environmenta hotspots and a reduction in wetlands
productivity, with an estimated overall decline in capture fisheries (including reservair fisheries)
of an estimated 12% in the LMB, with Lao PDR, Cambodia and Viet Nam losing between 16-
18% compared to the baseline. Overall, notwithstanding the creation of an additional 990,000
job opportunities, the number of rural livelihoods threatened are estimated to be 2,015,000, a
rise of 127% compared to the Definite Future Scenario.

20-Year Plan Scenario (with all mainstream dams)
Scenario content

The 20-Y ear Plan Scenario with al Mainstream Dams represents the summation of overall
plans for 2030 which the countries have put forward for assessment. It examines the impacts of
adding to the 20-year plan without mainstream dams eleven mainstream dams, being in
upstream to downstream order:

Ref Project Name Installed capacity MW Live storage MCM
L052 Pakbeng 1,230 442
LO53 Luang Prabang 1,410 734
LO54 Xayabuly 1,260 225
LO55 Paklay 1,320 384
LO56 Sanakham 1,200 106
LO57 Sangthong-Pakchom 1,079 217
LO58 Ban Kum 1,872 403
LO59 Latsua 686 530
L034 Don Sahong 360 115
C006 Stung Treng 980 70
C005 Sambor 3,300 2,000

The other components of the scenario are as before, namely 56 additiona tributary dams (30
more than in the Definite Future Scenario) and 1.6 Mha of irrigation. The total incremental
capacity of the hydropower risesto 24.8GW, of which 14.7GW is associated with the eleven
mainstream dams. Being run-of-the-river, the mainstream dams add only 5.2 BCM of additiona
active storage to the previous 34.4 BCM in UMB and tributary dams.
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Hydrological impacts

The mainstream dams, being run-of-the-river, have a small incremental effect on the basin-scale
hydrology, but will have large significant impacts locally and near contiguously along most of
the LM B mainstream between Kratie and Chiang Sean, raising water levelsin upstream
pondage areas and, depending upon their operation, downstream as well. Whilst flood season
flows will remain largely unchanged from the scenario without mainstream dams, there will be
asmall increase in dry season flows (typically 6%) as a consequence of the increased

regulation.

Thus for this scenario, compared to the baseline, overall flooded areas are 314,000ha bel ow the
average annual area, saline intrusion affected areas are 309,000ha less and flow reversal remains
at about a 13% reduction of volume entering Tonle Sap with a slight increase in the delay of
flow reversal occurring to 8 days on average.

Environmental impacts

As with the scenario above, the presence of the mainstream dams will have significant impact
on local sedimentation, the extent of which will depend very much on how they are operated
and the effectiveness of sediment flushing, which may reach equilibrium over time. The timing
of flushing in relation to early floods, and the coordination of this between the many dams, will
need careful consideration.

The environmental impacts will arise from the increased pondage and backwater effects of these
dams and their barrier effect on the fish migrating throughout much of the mainstream. There
will be adirect and severe negative impact on most environmental hotspots. Fourteen out of the
32 environmenta hotspots would be highly impacted and another 9 moderately impacted; some
of these sites are listed under the Ramsar Convention. Compared to the previous scenario with
mainstream only in Northern Lao PDR, all except one further impacted hotspots are situated in
Cambodia (Tonle Sap area, Mekong mainstream, and 3Ss basin). One further impacted hotspot
is sSituated on the Sekong in the Lao PDR portion of the 3Ss basin.

Crucially, the eleven mainstream dams will have a severe impact upon two flagship species,
with the likelihood of their extinction along with other species. They will also create a near-total
barrier to fish migration along most of the mainstream. In relation to the baseline, overall
capture fisheries production would be depleted by 25% within the basin, being by 21% in Lao
PDR, 5% in Thailand, 44% in Cambodia and 25% in Viet Nam.

Capture fisheries would a so decline compared to the Definite Future Scenario and would be
severely affected in both Cambodia (37% decline) and Viet Nam (28% decline). The declinein
capture fish yield ismuch lessin Lao PDR (6%) and Thailand (2%). Sixty percent of the
ecologically valuable river channel between Kratie and Houel Xai would change to a series of
connected impoundments. Important habitats like deep pools, rapids and sandbars would be | ost
largely, resulting in severe loss of biodiversity. Two of the four flagship species would be very
severely impacted, even to the point of extinction.
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Social impacts

Although aguaculture is expected to expand to compensate for lost protein availability, the very
substantial lossesto wild fisherieswill have avery substantial impact on rural livelihoods. This
will be felt particularly in Cambodia and Viet Nam, as increases in aguaculture are unlikely to
benefit the poor people, many of whom would lose their wild fishing whilst having no accessto
land, water and capital to fall back on. Theloss of protein supply from capture fisheriesin
Cambodia, by way of comparison, would be larger than its current combined production of
cattle, pig and chicken meat.

In total the number of vulnerable livelihoods in this scenario is estimated to be 4,360,000 of
which 907,000 would be in Lao PDR, 516,000 in Thailand, 1,212,000 in Cambodia and
1,725,000 in Viet Nam. This represents overall an increase of three times that with no
mainstream dams and five times that to be experienced in the Definite Future Scenario.

At the same time the scenario would create an additional 420,000 jobs compared to the 20-year
plan without mainstream dams, bringing the total to 1,240,000 job opportunitiesin all four LMB
countries compared to the baseline (up 870,000 compared to the Definite Future Scenario).

Economic impacts

Relative to the baseline, this scenario would generate overall net economic benefits of US$
33,386 million NPV, of which US$ 22,588 million would arisein Lao PDR, US$ 4,410 million
in Thailand, US$ 2,237 million in Cambodia and US$ 4,151 million in Viet Nam.

Within these figures, economic losses in vulnerable sectors are substantial, being atotal of US$
3,041 million compared to the baseline. Cambodia s capture fisheries alone contributes over a
third of these losses and the capture fisheries in the other three countries contributing together
another third.

In summary

This 20-year plan scenario would create the highest economic benefitsto all LMB countries,
mainly derived from transboundary hydro-electricity sharing. Whilst al countries economically
benefit substantially from this scenario, Lao PDR would gain two-thirds of the total.

These substantial gains are offset by the very substantial impacts on capture fisheries and severe
impacts on nearly all environmental indicators, including capture fisheries, environmental
hotspots, flagship species and biodiversity. The negative impacts are particularly severein
Cambodia and Viet Nam. The extent to which these severe adverse impacts are caused by the
Thai and/or Cambodian mainstream dams is explored in the next scenarios.

Over 4.3 million livelihoods would be threatened, far in excess of the 1.2 million jobs created.
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434 20-Year Plan Scenario without the Cambodian Mainstream Dams
Scenario content

The 20-Y ear Plan Scenario without the Cambodian Mainstream Dams represents the 20-year
plan above but with the two Cambodian mainstream dams (Stung Treng and Sambor) omitted. It
examines therefore the impacts of adding to the 20-year plan without mainstream dams nine
mainstream dams, being in upstream to downstream order:

Ref Project Name Installed capacity MW Live storage MCM
L052 Pakbeng 1,230 442
L0O53 Luang Prabang 1,410 734
L054 Xayabuly 1,260 225
LO55 Paklay 1,320 384
LO56 Sanakham 1,200 106
LO57 Sangthong-Pakchom 1,079 217
LO58 Ban Kum 1,872 403
LO59 Latsua 686 530
LO34 Don Sahong 360 115

The other components of the scenario are as before, namely 56 additiona tributary dams (30
more than in the Definite Future Scenario) and 1.6 Mha of irrigation. The total incremental
capacity of the hydropower is 20.6GW, of which 10.9GW is associated with the nine
mainstream dams. Being run-of-the-river, the mainstream dams add only 3.2 BCM of additiona
active storage to the previous 34.4 BCM in UMB and tributary dams.

Hydrological impacts

The mainstream dams, being run-of-the-river, have a small incremental effect on the basin-scale
hydrology, but will have large significant impacts locally and near contiguously along most of
the LMB mainstream between Don Sahong and Chiang Sean, raising water levelsin upstream
pondage areas and, depending upon their operation, downstream as well. Whilst flood season
flows will remain largely unchanged from the scenario without mainstream dams, there will be
asmall increase in dry season flows (typically 5%) as a consequence of the increased

regulation.

Thus for this scenario, compared to the baseline, overal flooded areas are 307,000ha bel ow the
average annual area, saline intrusion affected areas are 288,000ha less and flow reversal remains
at about a 12% reduction of volume entering Tonle Sap with a slight increase in the delay of
flow reversal occurring to 7 days on average.
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Environmental impacts

The environmental impacts will arise from the increased pondage and backwater effects of these
dams and their barrier effect on the fish migrating throughout much of the mainstream. By not
building the two Cambaodian mainstream dams, fish migration from the Mekong mainstream
into the 3S-Basin would still be possible and the ecologically valuable stretch between Kratie
and Houei Xai would be as for the Definite Future Scenario. The number of highly impacted
environmental hotspots would be 11, down by three from the 20-year plan with all eleven
mainstream dams.

The nine mainstream dams will have a severe impact upon two flagship species, with the
likelihood of the extinction of Giant Catfish along with other species. They will also create a
near-total barrier to fish migration upstream from Don Sahong. In relation to the baseline,
overall capture fisheries production would be depleted by 16% within the basin (9% less than if
the Cambodian dams are present), being by 18% in Lao PDR, 5% in Thailand, 25%in Cambodia
(down from 44% with the Cambodian dams) and 16% in Viet Nam (down from 25% with the
Cambodian dams).

Capture fisheries would also decline by 10% compared to the Definite Future Scenario and
would be severely affected in both Cambodia (19% further decline) and Viet Nam (15% further
decline), whereasin Lao PDR (3%) and Thailand (1%) the changes would be much smaller.
Upstream of Don Sahong the ecologically valuable river channel would change to a series of
connected impoundments and important habitats like deep pools, rapids and sandbars would be
lost largely, resulting in severe loss of biodiversity.

Social impacts

The substantial losses to wild fisheries will have a severe impact on rurd livelihoods,
particularly in Cambodia and Viet Nam. Predicted increases in aguaculture are unlikely to
benefit the poor people, many of whom would lose their wild fishing whilst having no accessto
land, water and capital to fall back on.

In total the number of vulnerable livelihoods in this scenario is estimated to be 2,738,000 of
which 782,000 would bein Lao PDR, 516,000 in Thailand, 352,000 in Cambodia and 1,088,000
in Viet Nam. Although less severe than with all e even mainstream dams, this represents overall
an increase of nearly double that with no mainstream dams and nearly four times that to be
experienced in the Definite Future Scenario.

At the same time the scenario would create an additional 264,000 jobs compared to the 20-year
plan without mainstream dams, bringing the total to 1,084,000 job opportunitiesin all four LMB
countries compared to the baseline (up 714,000 compared to the Definite Future Scenario).
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Economic impacts

Relative to the baseline, this scenario would generate overall net economic benefits of US$
31,738 million NPV, of which US$ 22,632 million would arisein Lao PDR, US$ 4,223 million
in Thailand, US$ 1,142 million in Cambodia and US$ 3,741 million in Viet Nam.

Within these figures, economic losses in vulnerable sectors remain substantial being atotal of
US$ 2,131 million compared to the baseline. Cambodia s share of these lossesis expected to be
in excess of half thistotal.

In summary

This scenario has, unsurprisingly, similar but less positive and negative impacts than the 20-year
scenario with al mainstream dams, arising from the absence of the two Cambodian mainstream
dams from the full set. Economic benefits would be reduced by US$ 1,647 million overall with
Cambodia bearing most of this reduction (US$ 1,095 million), principally as aresult of reduced
hydropower generation. At the same time the absence of these two dams would alow
connectivity in the mainstream to be maintained up to the outfall of the 3S basin, with a
consequential less severe impact upon Cambodian and Viet Nam capture fisheries. Thus,
compared to the 20-year plan with all mainstream dams, the losses and gains are substantially
borne by Cambodia.

Overall, the scenario would create substantial economic benefits mainly derived from
transboundary hydro-electricity sharing. However, whilst al countries benefit economically
from this scenario, Lao PDR would enjoy 71% of the total incremental net benefits above the
baseline, with the remainder being shared between Thailand (13%), Cambodia (4%) and Viet
Nam (12%). Nevertheless, these gains are still offset by substantial impacts on capture fisheries
and severe impacts on nearly all environmental indicators, including capture fisheries,
environmental hotspots, flagship species and biodiversity. Over 2.7 million livelihoods would
be threatened, far in excess of the 1.5 million jobs created.

20-Year Plan Scenario without Thai Mainstream Dams

This scenario includes 9 mainstream dams excluding the two Thai mainstream dams, Pak Chom
and Ban Kum. The scenario has an NPV of US$ 29,277 million compared to US$ 33,386
million for the 20-Y ear Plan Scenario. The net economic benefits to Thailand would be reduced
by US$ 441 million NPV. In most respects, the impacts are similar to those with all eleven
mainstream dams, as the Cambodian and Lao mainstream dams would already be impacting on
fisheries and other environmental val ues.

Scenario content

The 20-Y ear Plan Scenario without the Thai Mainstream Dams represents the 20-year plan
above but with the two Tha mainstream dams (Sangthong-Pakchom and Ban Kum) omitted. It
examines therefore the impacts of adding to the 20-year plan without mainstream dams nine
mainstream dams, being in upstream to downstream order:
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Ref Project Name Installed capacity MW Live storage MCM

L052 Pakbeng 1,230 442
L0O53 Luang Prabang 1,410 734
L054 Xayabuly 1,260 225
LO55 Paklay 1,320 384
LO56 Sanakham 1,200 106
LO59 Latsua 686 530
L034 Don Sahong 360 115
C006 Stung Treng 980 70

CO005 Sambor 3,300 2,000

The other components of the scenario are as before, namely 56 additiona tributary dams (30
more than in the Definite Future Scenario) and 1.6 Mha of irrigation. The total incremental
capacity of the hydropower is 21.9GW, of which 11.7GW is associated with the nine
mainstream dams. Being run-of-the-river, the mainstream dams add only 4.6 BCM of additiona
active storage to the previous 34.4 BCM in UMB and tributary dams.

Hydrological impacts

The mainstream dams, being run-of-the-river, have a small incremental effect on the basin-scale
hydrology, but will have large significant impacts locally and near contiguously along most of
the LM B mainstream between Sambor and Chiang Sean, raising water levelsin upstream
pondage areas and, depending upon their operation, downstream as well. The absence of the two
Thai dams, compared to the full 20-year plan scenario with all mainstream dams, will

ameliorate these local effects between Ban Kum and Sanakham sites. Whilst flood season flows
will remain largely unchanged from the scenario without mainstream dams, there will be a small
increase in dry season flows (typically 1%) as a consequence of the increased regulation.

Thus for this scenario, compared to the baseline, overal flooded areas are 307,000ha bel ow the
average annual area, saline intrusion affected areas are 288,000ha less and flow reversal remains
at about a 12% reduction of volume entering Tonle Sap with a slight increase in the delay of
flow reversal occurring to 7 days on average.

Environmental impacts

The environmental impacts will arise from the increased pondage and backwater effects of these
dams and their barrier effect on the fish migrating throughout much of the mainstream. Given
the presence of the two Cambodian mainstream dams and notwithstanding the absence of the
two Thai mainstream dams, fish migration along the Mekong mainstream will be almost as
severely impacted asif all e even mainstream dams were constructed. The number of highly
impacted environmental hotspots would be 14, the same as with the 20-year plan with al eleven
mai nstream dams.
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The nine mainstream dams will have a severe impact upon two flagship species, with the
likelihood of the extinction of the Mekong River Dolphin, the Giant Catfish and other species.
They will aso create a near-total barrier to fish migration upstream from Sambor.

In relation to the baseline, overall capture fisheries production would be depleted by 25% within
the basin, being by 21% in Lao PDR, 5% in Thailand, 44%in Cambodia and 37% in Viet Nam,
all as expected with the full eleven mainstream dams. Capture fisheries would a so decline by
19% compared to the Definite Future Scenario and would be severely affected in both
Cambodia (40% further decline) and Viet Nam (31% further decline), whereasin Lao PDR
(6%) and Thailand (1%) the changes would be much smaller.

Upstream of Sambor the ecologically valuable river channel would change to a series of
connected impoundments and important habitats like deep pools, rapids and sandbars would be
lost largely, resulting in severe loss of biodiversity.

Social impacts

The substantial losses to wild fisheries will have a severe impact on rura livelihoods,
particularly in Cambodia and Viet Nam. Predicted increases in aguaculture are unlikely to
benefit the poor people, many of whom would lose their wild fishing whilst having no accessto
land, water and capital to fall back on.

In total the number of vulnerable livelihoods in this scenario is estimated to be 4,359,000 of
which 907,000 would be in Lao PDR, 515,000 in Thailand, 1,212,000 in Cambodia and
1,725,000 in Viet Nam, of similar severity as with all eleven mainstream dams. Thusthis
represents overall an increase of three times that with no mainstream dams and nearly five times
that to be experienced in the Definite Future Scenario.

At the same time the scenario would create an additional 338,000 jobs compared to the 20-year
plan without mainstream dams, bringing the total to 1,158,000 job opportunitiesin all four LMB
countries compared to the baseline (up 788,000 compared to the Definite Future Scenario).

Economic impacts

Relative to the baseline, this scenario would generate overall net economic benefits of US$
29,276 million NPV, of which US$ 18,927 million would arisein Lao PDR, US$ 3,970 million
in Thailand, US$ 2,237 million in Cambodia and US$ 4,143 millionin Viet Nam.

Within these figures, economic losses in vulnerable sectors remain substantial being atotal of
US$ 2,996 million compared to the baseline, two-thirds of which would be made up by capture
fisheries losses. Cambodia s share of these losses is expected to be 58% of the total.

In summary

This scenario has overall net economic benefits lower by US$ 2,462 million than the 20-year
scenario above without Cambodian mainstream dams. However, the presence of the two
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Cambodian mainstream combined with the other seven mainstream dams further upstream
would create a similar barrier effect to fish migration as would be seen with al eleven dams
present.

Similarly, the impacts on environmentally and ecologically important sites would be almost as
severe as with the full 20-year scenario with al mainstream dams, leading to severe impacts
upon bio-diversity.

Over 4.3 million livelihoods would be threatened, far in excess of the 1.2 million jobs created.

Long Term Development Scenarios

Thelong term scenarios offer a perspective of what impacts may arise as aresult of possible
further development of hydropower and irrigation over the next 50 years. These developments
do not form a part of country plans, but by considering them now it is possible to gain some
insight into the issues that such continued devel opments would create.

However, with such along time frame, it is evident that circumstances outside the water sector
would change brought about by, for instance, socio-economic devel opment, demographic
change, market forces, technologica change, climate change and sealevel rise. Asdiscussed in
Section 2.3, other than a preliminary investigation of aguaculture, climate change and sea level
rise, these external changes have not been evaluated. The assessments made of the long-term
scenarios are against baseline conditions, and this should be borne in mind when viewing the
results.

A further consideration in looking at long term scenarios is the impacts of developmentsin the
near term scenarios which may not be noticed immediately but which will arise at a later date as
adirect consequence of near-term developments. Chief amongst these are the geomorphological
changes induced by sediment trapping, which as described in Section 3.3.2 will not necessarily
be felt immediately but which, over 50 years may have significant impact. A similar situation
can be expected with bio-physical changes as eco-systems adapt over time to new
circumstances. In general in this report, and as discussed for instancein Section 3.3.2, these
potential consequences are discussed in the context of the devel opments in the Definite Future
and Foreseeabl e Future Scenarios that cause them. The discussion below of the long term
scenariosis therefore limited to further consequences that may arise as a consequence of
continued development.

LMB Long-term Development Scenario
Scenario content

This scenario builds from the full 20-year Foreseeable Future Scenario with all eleven
mainstream dams. In addition, the scenario contains a further 35 tributary dams (bringing the
total to 91 including existing dams), which together add a further 2,682MW of installed
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hydropower capacity and 2.3BCM of active storage within the lower basin, raising total storage
within the basin (including UMB) to 21.0% of the mean annual runoff (MAR).

Irrigation development expands by a further 629,000ha (of which 266,000haisin Lao PDR,
124,000hain Thailand, 221,000hain Cambodia and just 18,000hain Viet Nam), bringing the
total in the basin to 5,966,000ha, a 60% increase over the baseline. Notably, overall irrigated
cropping intensity in the Long-term Devel opment Scenario rises from 177% in the Baseline to
200% under this scenario, signalling a proportionately greater increase in use of dry season
flows.

Industrial and domestic water supplies also increase to service an estimated total in-basin
population by 2060 of 109.4 million (15.7 million in Lao PDR, 27.1 million in Thailand, 31.3
million in Cambodia, 35.3 million in Viet Nam), representing a near doubling of the overall
those living within the LMB over the basdline.

Hydrological impacts

The significant increase in tributary storage is more than sufficient to offset the increased
demands from irrigation. In general dry season flow would be dlightly higher than the 20-year
plan scenarios as aresult and wet season flooded areas would remain similar. The area affected
by salinity intrusion would also remain similar to the 20-year plan.

Climate change (under IPCC scenario B2 and with 30cm sea level rise) would have a significant
further impact, principally in the wet season (average dry season flows are expected to increase
very dlightly). The reduction in flooded area predicted without climate change would be
reversed and average total flooded area would rise to 5.04 million ha (6% more than the
baseline). Notwithstanding the similarity of dry season flows to the Foreseeable Future, the
impact of sealevel rise would be to cause a substantial increase in land affected by saline
intrusion, which isforecast to increase to 2.15 million ha (16% more than the baseline).

Environmental impacts

The substantial environmental impacts as forecast for the 20-year plan with eleven mainstream
damswould in general terms be exacerbated by the continued developmentsin the Long-term
Scenario. Therisks of increased agricultural pollutant runoff would increase.

There are significant uncertainties for Cambodian and Viet Nam flood plain management
associated with the cumul ative impacts of geomorphological change, flood magnitudes and
variability and sealevel rise.

Social impacts

In total the number of vulnerable livelihoods in this scenario would rise to between 4,506,000
and 4,810,000 as aresult of theincremental devel opments and the uncertainties above.
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At the same time the scenario would create an additional 599,000 jobs (mainly in agriculture)
compared to the 20-year plan with all eleven mainstream dams, bringing the total to 1,839,000
job opportunitiesin all four LMB countries compared to the baseline (up 1,469,000 compared to
the Definite Future Scenario).

Economic impacts

Relative to the baseline, this scenario would generate overall net economic benefits of US$
41,468 million NPV, of which US$ 26,401 million would arisein Lao PDR, US$ 5,010 million
in Thailand, US$ 5,302 million in Cambodia and US$ 4,755 millionin Viet Nam.

Within these figures, economic losses in vulnerable sectors remain substantial totalling US$
3,470 million compared to the baseline, over half of which would be made up by capture
fisheries losses. Cambodia s share of these total lossesis expected to be 58% of the total.

In summary

This scenario demonstrates that there is sufficient storage potential in the LMB’ s tributaries to
meet continued irrigation expansion plans without touching the present dry season flow, as
represented by the Baseline Scenario (1985-2000).

At the same time, continued development will exacerbate the already severe environmental and
socia impacts forecast for the full 20-year plan with eleven mainstream dams.

Considerable uncertainties exist over the long term consequences of development, climate
change and sea level rise on the Cambodian and Viet Nam flood plains.

LMB Very High Development Scenario

This scenario extends the level development of hydropower and irrigation within the LMB to
what is considered to be the full technical potential (ie irrespective of economic viahility).

Thus in addition to developmentsin the LMB Long-term Development Scenario afurther 19
tributary dams are considered, which together add 0.6GW of installed hydropower capacity,
11.6 BCM of active storage and 2.44 million ha of irrigation (mainly in Lao PDR and
Cambodia), raising the totals for the LM B to 29.7GW of installed hydropower, 74.6 BCM of
storage and 8.4 million haat 221% irrigated cropping intensity. Together with storage in the
UMB, total active storageis then 23.5% of MAR.

Whilst most environmental and socia impacts are further exacerbated, the significance of this

scenario is only that there remains sufficient storage to sustain dry season flows above current
baseline conditions.
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Mekong Delta Flood Management Scenarios

The Mekong Delta Flood Management Scenarios have been assessed as a separate exerciseto
those above and are described more fully in Appendix A.

The scenarios comprise a number of specific flood management schemes on either side of the
Cambodia— Viet Nam border which have been assessed against baseline conditions. The
assessments do not take into account the impacts of upstream water consumptive projects
(irrigation) or mainstream and tributary hydropower developments™. There are therefore no
direct implicationsfor Lao PDR and Thailand, as any impacts from these scenarios are within
the delta reaches and downstream of Khone Falls.

Foreseeable Future Scenarios

The scenarios associated with potential flood management devel opments over the next 20 years

(ie within the Foreseeable Future) were determined by FMMP in close consultation with both

Cambodia and Viet Nam. They involve areas in both countries (see Figure 43). In Cambodia the

study areas comprised: (i) Floodplains on the West Bassac (ii) floodplains between Bassac and

Mekong and (iii) floodplains on the left bank of the Mekong and south of the NR #1. In Viet

Nam focus was given to: (i) Long Xuyen Quadrangle (LXQ), (ii) area between Bassac and

Mekong north of the Vam Nao, and (iii) Plain of Reeds north of the Nguyen Van Tiep Canal.
Figure 43 Location of 20-year Flood

Management Scenarios

From these, three main scenarios were defined

to represent the Foreseeable Future Scenario

(20-year), being: (i) in Cambodiaearly flood -

protection and full flood protection in =

Cambodia; (ii) in Viet Nam amix of early Cambodia

flood protection and full flood protection; and

’ . Wiest Bass ac Ea=thizlkcong
(iii) a combination of the two above.

The main conclusions from the FMMP-C2 : Winh City
study are that the combined scenario resultsin : iz B

lower risk in both countries with the exception \' -8
of LXQ, whereit is suggested that the Vi)
increased risks are better mitigated by the

widening of the canalsin the LXQ rather
constructing new large canals el sewhere.

Lamg Luyen
Quadrangle

Flain of R eads

° The FMMP-C2 report considers that the hydrological changes brought about by these upstream developments would not materially affect
the conclusions that are drawn from the studies (although unquestionably there would be need to take upstream plansinto account in
developing project designs).
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Long term development scenarios

In addition and in the run-up to defining the scenarios above, other scenarios were looked into.
These included differing levels of flood protectionin Viet Nam, diversion of flood flows into
Tonle Sap and diversion of flowsto the Gulf of Thailand. The diversionsto Tonle Sap were
shown to have some positive effects on flooding downstream, but limited in nature compared to
the massive investments that would be required.

Issues arising

Thereview of climate change set out in Section 3.2 underscores the long term challenges
associated with flood plain management in the Mekong Delta. Current option studies under
FMMP have focussed on investigating specific schemes from which considerable understanding
has been gained on local flood management best practice leading to best practice guidelines
have been devel oped.

However, as apparent, amuch wider consideration of flood plain options is needed to take into
account the threats of climate change and geomorphological consequences for the delta and the
potential massive social and economic consequences that arise. Whilst these threats are clearly
evident for Viet Nam, the studies undertaken by FM M P emphasi se the inter-dependence of
possible solutions between Viet Nam and Cambodia. In addition, as demonstrated by the
assessments made in this report of upstream devel opments, clearly Cambodia has a number of
other potentially overlapping major issues to address, particularly with impacts on the Tonle
Sap from upstream flow modifications and barrier effects of new dam construction.

It is evident therefore that, to address these issues in an integrated manner, major further studies
are needed to investigate long term issues of flood management in the context of both climate
change and emerging strategies for upstream devel opment and to explore the potential for
synergies between the two. The outcome of such a study should be aimed at guiding
developments in a manner that leads to prudent investment in the near term that will better
enable long term solutions to be achieved.

Summary of scenario assessments
Summary of findings

The merits and demerits of each of the scenarios are discussed individually above. This section
draws together the main findings that emerge from these assessments when viewed collectively.

It isimportant to recall that the assessments are not without limitations (as set out in Section
2.5) and that there a number of uncertainties and risks that have been identified during the
course of the assessment process. These uncertainties and risks are reviewed and discussed in
Chapter 5 of thisreport.
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The findings are summarised by considering the implications that arise from the scenarios
within each of the three main planning horizons, viz.: the Definite Future, the Foreseeable
Future (with and without mainstream dams) and the Long-term.

The Definite Future Scenario (DFS)

Q The Definite Future Scenario represents devel opments which are already under construction
and/or committed, involving major new storagesin UMB and 15 new tributary dams. This
additional storage has been estimated to providefor all irrigation expansion within the
next 20 years (1.6M ha). Therefore, further expansion beyond the DFS of tributary storage
within the Foreseeabl e Future timescale needs to be weighed against its economic benefits
from energy and flood control against any downsides from wetlands and bio-diversity
reduction, sediment trapping, fisheries reduction and socia consequences.

O Theability toexpand irrigation in the LMB under the 20-year scenarios whilst
maintaining (or exceeding) baseline dry season flows depends very much upon the new
storages being constructed in the UM B. As such, it isimportant that coordination with
China over operation of the UMB damsiis strengthened.

O The consequences of sediment trapping are an important aspect of reservoir
development, particularly with regard to the timing of resulting impacts and the
geomorphological stahility of the delta. Further research is needed to address this. Apart
from the viability of individual reservoirs, the key issue isthe potential for cumulative
impacts of sediment trapping within the basin on wetland productivity and especially on the
delta-shaping processes, which are potentially exacerbated by sea level rise. Even if these
impacts take 50-100 years to occur, and some think the timeline is very much shorter,
devel opment choices now may have major consequences for the deltain the future.

O TheDFSisinevitableand happening. Actions are needed now to addressthe
downsides associated with environmental, fisheries and social impacts and to set a
framework for managing future developments aswell.

The Foreseeable Future Scenario without mainstream dams

O The Foreseeable Future Scenario without mainstream dams has substantial economic
benefitsarising from irrigation expansion and 30 additional tributary dams. However,
as noted above, the tributary dams are not required to support the 1.6Mhairrigation
expansion within the Foreseeabl e Future Scenario and their merits and demerits may be
considered individually.

O Theincremental environmental impacts arerelatively small compared to the Definite
Future Scenario and are principally associated with the tributary dams reducing the flood
season flows, in addition to their direct construction and barrier impacts. They also increase
the amount of sediment trapping, heightening the uncertainties associated with delta
stability and wetland productivity.
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Q Incontrast, the numbers of livelihoods placed at risk will riseto 59% above the Definite
Future Scenario reaching 1,409,000 people within the LMB. The main increases above the
DFSwill befelt in Lao PDR (135% up), due principally to direct impacts of reservoir
construction, and in Cambodia (108% up) due to transboundary impacts on capture
fisheries.

O Theparalle development of irrigation and tributary dams maintainsthe mainstream
dry season flows substantially at DFS levels, which is significantly above baseline
conditions. Although this may be beneficial to address long term irrigation expansion, in the
medium term sustaining dry season flows at substantially above Baseline conditions may
simply reinforce the ecological downsides associated with higher water levels (which in the
northern reaches is unavoidable but will benefit navigation).

O Compared to the DFS, the economic upsides from this scenario are for hydropower US$
6,112 million NPV, for irrigation US$ 1,659 million NPV, and for the rest US$ 546 million
NPV. The downsides, which mostly stem from the tributary dams, are US$ 422 million
NPV. At face value, thetributary hydropower component has significant economic
benefits, even after accounting for the environmental disbenefits.

Q Theirrigation expansion, which can occur as a consequence of the DSF, has been assumed
to have potentially significant benefit in terms of rice-field fisheries. Risks of increased
runoff of agricultural input residues have been flagged aswell. It will be beneficial on
both counts if best practicesin both areas are developed and followed.

O Thetota net benefits attributed to this scenario relative to the Basdline are US$19,596
million NPV, which are shared between the countries as follows. Lao PDR US$11,688
million (60%), Thailand US$2,750 million (14%), Cambodia US$1,446 million (7%) and
Viet Nam US$3,712 million (19%). M ore than half the net economic benefits attribute
to one country, Lao PDR, principally as aresult of the additional tributary dams.

The Foreseeable Future Scenario with mainstream dams

O Theincluson of up to eleven new mainstream run-of-theriver damswithin the
Foreseeable Future Scenario createsthe potential for both very substantial economic
benefitsaswell as very severe environmental and social impacts. Whilst the economic
benefits are easy to recognise, it isimportant to distinguish the environmental and social
disbenefits that may be attributed to the mainstream dams from those which arise from
tributary dam development in the scenarios.

O Thedirect environmental impacts of the mainstream dams are very significant (as
elaborated in the SEA). Although, being run-of-river, the mainstream dams have only small
impact on basin-scale mainstream flows, locally they will modify water levelsvery
significantly with consider able harm caused to eco-systems within the affected r eaches.
In addition, the mainstream dams create a barrier to fish migration, the severity of
which is broadly proportional to the extent of the river system disconnected from the Tonle
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Sap. The barrier effect will also affect local fish migrations as well, with both the Giant
Catfish and M ekong Dolphin placed at risk of extinction, along with many other species.

O Themainstream damsalso will haveimpacts on sediment transport. Again, being run-
of-river, in the context of basin-scale impacts, the volumes of sediment trapped should
reach equilibrium within afew years of construction. However, local impacts can be
expected to be significant. The manner in which the dams are operated will have significant
bearing on their geomorphologica impacts. This suggests further detailed study of
individual dam proposalsis certainly merited before any final decisions are taken.

O Theeeven mainstream damstogether generate an extra US$ 15,220 million NPV, but
also cause sixty percent of the ecologically valuableriver channel between Kratie and
Houe Xai to changeto a series of connected impoundments. Important habitats like
deep pools, rapids and sandbars would be largely lost, resulting in sever e loss of
biodiversity. Fourteen out of the 32 environmental hotspots would be highly impacted and
another nine moderately impacted. Two of the four flagship species would be put at severe
risk of extinction along with many others.

The eleven mainstream dams will also create a near-tota barrier to fish migration along
most of the mainstream. In relation to the baseline, overall capturefisheries production
would be depleted by 25% within the basin. These declines would be most severein
comparison to the Definite Future Scenario in Cambodia (37% decline) and Viet Nam (28%
decline). Asaresult of the eleven mainstream dams, livelihoods put at risk would rise
by nearly threetimes compar ed to the 20-year plan without mainstream dams (and
nearly five times that under the Definite Future Scenario), bringing the total under this
scenario to 4,360,000 of which 907,000 would be in Lao PDR, 516,000 in Thailand,
1,212,000 in Cambodiaand 1,725,000 in Viet Nam.

O Theclear evidence from the assessmentsisthat the lower of the proposed eleven
mainstream dams have a very substantial impact upon the LMB’s capturefisheries
over and above that which can be anticipated under the Definite Future Scenario. As may be
seen from the assessments, the absence of the two Thai mainstream dams (Sangthong-
Pakchom and Ban Kum) from the cascade makes very little difference to the capture
fisheriesimpact due to the presence of Don Sahong, Stung Treng and Sambor further
downstream creating a barrier effect.

O Theupper six mainstream dams have substantial economic benefits, generating US$
7,132 million NPV, or 17% more than the combined benefits of the 30 additional
tributary dams. Nevertheless, the presence of the mainstream dams would have
incremental environmental impacts arising from the increased pondage and
backwater effectsand their barrier effect on thefish migratingin thispart of the
mainstream. Two environmental hotspots will be severely impacted and crucially the Giant
Catfish could become extinct along with other specieslocally.
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However, given their location at the farther end of the basin’s main migratory routes, these
damswill have a marginal effect on capturefisheries, reducing productivity by a
further 2% typically. Nevertheless, in relation to the baseline, overall capture fisheries
production would be some 12% depleted, being by 16% in Lao PDR, 5% in Thailand, 18%
in Cambodia and 16% in Viet Nam”. Reductions in sediment outflow from the basin will
remain similar to the 20-year plan without mainstream dams and will have negative impacts
upon marine fisheries. Asaresult of the six mainstream dams, livelihoods put at risk
would rise by 43% compared to the 20-year plan without mainstream dams, bringing
the total under this scenario to 2,015,000 livelihoods (782,000 in Lao PDR, 201,000 in
Thailand, 262,000 in Cambodiaand 770,000 in Viet Nam).

O Under the scenario with the upper six mainstream dams, the total net benefits attributed to
this scenario relative to the Baseline are US$ 26,728 million NPV, of which US$ 17,636
million (66%) would arisein Lao PDR , US$ 3,913 (15%) million in Thailand, US$ 1,351
million in Cambodia (5%) and US$ 3,828 million (14%) in Viet Nam. Nearly two-thirds of
the net economic benefits attribute to one country, Lao PDR, principally as aresult of
hydropower devel opment.

The flood management scenarios

O These scenarios demonstrate that the combined schemes put forward within the scenario
are beneficial and that thisis a matter for Cambodia and Viet Nam to decide between
themselves.

Q The studies undertaken by FMMP-C2 nevertheless flag up that a balance is needed between
partial and full flood protection. Given the pressures on the Mekong Delta arising from
autonomous development, climate change, sealevel rise and changes in sediment flows
from upstream, it is clear that a much wider study is needed to guide management and
development of the Mekong Delta flood plains in a sustainable manner.

The long-term scenarios and climate change

Q Thelong term scenarios provide some confidence that it is possible to maintain acceptable
water balances with all envisaged possible dam and irrigation developmentsin place.
However, they also highlight the massive impacts these devel opments would have on the
eco-systems and social fabric of the basin and point to the need to proceed prudently and at
a pace that allows knowledge to stay ahead of actions.

2|t jsworth noting that the 12% depletion is made up of 7% occurring in the DFS as a result of flow modifications principally arising from
damsin the UMB together with the ongoing development of 26 tributary dams, 3% from the further addition of 30 tributary dams and 2%
from these six mainstream dams.
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O Theassessments made of climate change point clearly towardsincreasing runoff and
mor e variable conditions within the basin. These predictions, which are still very
preliminary, suggest that whilst they may relax dry season abstraction constraints, drought
and floods will become more of a problem. Under standing how climate change will
impact on eco-systems and agricultura practiceswill be important, as aso will be therole
of irrigation in combating drought and measures to combat more extreme flooding.

O Themajor significance of climate changeis sea level rise. Combined with the likelihood
of increased flooding, uncertainties of geomorphological impacts on the delta and
acknowledging the devel opment pressures in both Cambodia and Viet Nam, thethreat of
sea level riserequires extensive study before a strategy for the delta can be framed.

4.6.2 Assessment summary results

The different economic, environmental and socia impacts of al the scenarios are summarised
and presented overleaf in Table 23 and Table 24 for the LMB, set within the agreed assessment
framework®. A further summary is presented thereafter in Table 25 and Table 26 of selected
indicators that have emerged from the consultations as being of particular interest. Full details
are presented in Appendices B, C and D.

2 Similar tables are presented for each country in Appendix D
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Table 23 Summary of assessment results for the LMB compared to baseline

Summary of scenario assessment
Incremental values relative to Baseline

Lower Mekong Basin

Specific l'ievlelopment ESIE PSSR G 2000 3000 5000 6100 6200 8000 8001 9000
objective Unit 2015-UMD 2015-DF 2030-20Y-w/o MD  2030-20Y-w/o LMD 2030-20Y-w/o TMD. 2060-LTD 2060-LTD+CC 2060-VHD
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area 1000 ha -275 -7%| 1,597 43%| 1,597 43%| 1,597 43%| 1,597 43%| 1,597 43%| 1,597 43%| 2,226 60%| 2,226 60%| 4,666 125%
agricultural production tonnage and value Crop production Mtonne /yr 27.153 97%| 27.153 97%| 27.153 97%| 27.153 97%| 27.153 97%| 27.153 97%| 43.372  155%| 43.372  155%| 93.307  333%
Net economic value NPV US$M -144 1,481 1,938 1,487 1,484 1,481 1,483 4,041 4,453 15,855
1.2 Increase hydropower Hydropower capacity, power Installed capacity MW 4,946  312%| 24,839 1566%| 24,839 1566%| 10,142  639%| 17,641 1112%| 21,888 1380%| 20,559 1296%| 27,521 1735%| 27,521 1735%| 28,098 1772%
production generated and value Power generated GWhiyr 35,417  389%|194,136 2135%|194,136 2135%| 74,389  818%|136,129 1497%)171,381 1885%|156,630 1723%|206,800 2274%|206,800 2274%|209,735 2307%
Net economic value from generation NPV US$SM 8,350 186%| 17,028 379%| 17,028  379%| 11,069  246%| 13,638 303%| 15,187  338%| 16,410 365%| 21,783  485%| 21,783  485%| 22,711  505%
Net economic value from purchased NPV USSM 3,142  385%| 15,796 1934%| 15,796 1934%| 6,534 800%| 11,364 1392%| 13,519 1655%| 13,922 1705%| 16,082 1969%| 16,082 1969%| 16,076 1969%
1.3 Improve navigation River transport Navigable days by class 000 boat-days n/a n/a n/a n/a n/a nla n/a n/a n/a nla n/a
Net economic value NPV US$M -0 0% 64 35% 64 35%] 64 35% 64 35%] 64 35% 64 35%] 64 35% 64 35%] 64 35% 64 35%
1.4 Decrease damages by Extent and duration of annual Average area flooded annually to max 1.0m depth 000 ha 118 8% 151 10% -179  -12% 153 10% 152 10% 152 10% 152 10% 184 12% -261  -17% 198 13%
floods flooding by class Average area flooded annually > 1.0m depth 000 ha -367  11%| -465  -14%| 485  15%| -453  -14%| -459  -14%| 459  -14%| 459  -4%| 532 -6%| 542 17%| 590  -18%
Net economic value of flood damage NPV US$M 462 377 -273 360 360 360 360 408 -296 432
1.5 Maintain productivity of ~ Capture fisheries and Annual average capture fish availability Mtonne / yr -0.044 2%| -0.142 -6%| -0.515  -20%| -2.530 -100%| -0.187 -7%| -0.245  -10%| -0.512  -20%| -0.314 -12%| -0.418  -17%| -2.530 -100%| -0.397  -16%
fishery sector aguaculture production Annual average aquaculture production Mtonne / yr 1.025 52%| 1.025 52%| 2.063 105%| 2.063  105%| 2.063 105%| 2.063 105%| 2.063 105%| 2.063 105%| 4.078 207%| 4.078 207%| 6.094 310%
Net economic value of capture fish NPV US$M 274 -459 -459 636 441 -452 212 494 494 1,194
2. Environmental protection
2.1 Maintain water quality Water quality Total pollutant discharge tonnes / yr 189,447 51%|199,809 54%) 199,809 54%|199,809 54%) 199,809 54%|199,809 54%|393,559  107%|199,809 54%|570,281  155%
and acceptable flow Water quality conditions Severity
conditions Flow characteristics Average flow in March m3/s 748 38% 844 43%| 1,205 62%| 1,214 62%| 1,105 56%| 1,190 61%| 1,189 61%| 1,189 61%| 1,199 61%| 1,229 63% 719 37%
Average wet season peak daily flow m3ls -1,288 5% -1,424 S5%| -2,194 -8% 540 2%| -2,175 -8%| -2,080 -8%| -2,191 -8%| -2,136 -8%| -2,617  -10% 91 0% -2,866  -10%
Average flow volume entering Tonle Sap MCM -2,113 -7%| -2,518 -8%| -4,265  -13%| -1,596 5%| -3,900  -12%| -3,920  -12%] -3,918  -12%| -3,919 -12%| -5,322  -16%| -2,477 -8%| -5,250  -16%
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap '000 ha -9 -1% -14 -1%) 15 1% -14 -1%)| -14 -1%) -14 -1%) -14 -1%) -19 -2%)| -6 -1%) -29 -3%
Tonle Sap Net economic value NPV US$M -153 -372 -372 -183 -228 -349 -254 -731 -731 -822
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) '000 ha -35 2% -48 -3%) 35 2% -47 -3%) -48 -3%)| -48 -3%) -48 -3%)| -55 -4%) 24 2% -66 -4%
productivity and ecosystems Net economic value NPV USSM -228 -225 101 -176 -178 -225 -178 -260 36 -310
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity 1000 ha -240  -13% =272 -15% -309  -17% 23 1% -305  -16% -319  -17% -288  -16% -288  -16% -299  -16% 297 16% -221  -12%
intrusion in the Mekong land use Net economic value NPV USSM 20 27 -2 25 23 21 23 22 -2 16
2.4 Minimize channel River bank erosion Area at risk to erosion Severity Mildly positive Mildly positive Mildly negative Negative Positive Positive Mildly negative Mildly negative Negative Negative Negative
effects on bank erosion Net economic value NPV US$M
and deep pools Flow and sediment transport  Functioning deep pools No. 20 -43% 20 -43% 13 -28% 14 -30% 18 -38% 20 -43% 20 -43% 20 -43%
changes Induced changes Severity Neutral Mildly negative Negative Negative Mildly negative Mildly negative Negative Negative Extremely negative | E ly negative | Extremely negative
2.5 Conservation of Impacts of flow management Status of river channel habitats Severity Neutral Mildly negative Negative Negative Mildly negative Negative Negative Negative Extremely negative | Extremely negative | Extremely negative
biodiversity changes on endangered species  Fiagship species Sunvival n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
Unaffected environmental hot spots Severity Neutral Mildly negative | Severely negative | Extremely negative Negative Negative Severely negative Negative Extremely negative|  Catastrophic Catastrophic
Biodiversity condition Severity Neutral Mildly negative | Severely negative | Severely negative Negative Negative Severely negative Negative Severely negative | Severely negative | Extremely negative
Incremental net economic value of habitat areas NPV US$M -85 -330 -415 -220 -240 -330 -305 -435 -525 -700
3. Social development
3.1 Maintain livelihoods of ~ Health, food and income security No, of people affected '000 527 887 4,360 4,360 1,564 2,015 4,359 2,738 4,506 4,810 4,594
vulnerable resource-users Severity of impact on health, food and income security  Severity Mildly negative Negative Severely negative | Severely negative Negative Severely negative | Severely negative | Severely negative | Severely negative | Extremely negative| Severely negative
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related _employm_ent from water resource |rigated agriculture '000 212 51% 212 51% 212 51% 212 51% 212 51% 212 51% 658  157% 658 157%| 1,535 367%
sectors interventions Reservoir fisheries (incremental to BS) 00 15 64 72 32 40 60 51 126 126 141
Hydropower production '000 104 612 612 224 387 534 469 527 527 573
Aquaculture (incremental to BS) '000 251 352 352 352 352 352 352 528 528 704
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country  Total net economic value NPV US$SM -0 0%| 11,700 213%| 33,386 608%| 33,403  608%| 19,596  357%| 26,728  486%| 29,276  533%| 31,738 578%| 41,468 755%| 41,358 753%| 54,517  992%
LMB countries benefit from No. of people affected vulnerable to changes 000 527 887 4,360 4,360 1,564 2,015 4,359 2,738 4,506 4,810 4,594
the development of water No. of jobs generated 00 370 89%| 1,240 297%| 1,248 209%| 820 196%| 990 237%| 1,158 277%| 1,084 250%| 1,839 440%| 1,839 440%| 2,954  707%
and related resources Overall environment impact Severity Mildly negative | Severely negative | Severely negative Negative Negative Severely negative | Severely negative | Severely negative | Severely negative | Extremely negative

Assessment of Basin-wide Development Scenarios - Main Report 2011

106




Table 24 Summary of assessment results for the LMB compared to Definite Future Scenario

Summary of scenario assessment
Incremental values relative to Definite Future Scenario
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Lower Mekong Basin

Specific development P 2000 3000 4000 4001 5000 6100 6200 6300 8000 8001 9000
P Issue Assessment criteria
objective Unit  2015-UMD 2015-DF 2030-20Y 2030-20Y4CC  2030-20Y-w/o MD ~ 2030-20Y-w/o LMD  2030-20Y-w/o TMD  2030-20Y-w/o CMD 2060-LTD 2060-LTD+CC 2060-VHD
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area '000 ha 1,872 54%) 1,872 54%) 1,872 54%| 1,872 54%| 1,872 54%) 1,872 54%| 2,501 72%| 2,501 72%) 4,941  143%
agricultural production tonnage and value Crop production Mionne / yr 27 9% 27 97%, 27 9% 27 9% 27 9% 27 9% 43 155% 43 155% 93  333%
Net economic value NPV US$M 1,625 -1128%) 2,082 -1445%) 1,631 -1132%| 1,628 -1130%| 1,625 -1128%| 1,627 -1129%| 4,185 -2905%| 4,597 -3191%| 15,999 -11105%
1.2 Increase hydropower Hydropower capacity, power Installed capacity MW 19,892  305%| 19,892  305%| 5,195 80%| 12,694 194%| 16,941 259%| 15,612 239%| 22,575 346%| 22,575 346%| 23,152  354%
production generated and value Power generated GWhiyr 158,719  357%|158,719  357%| 38,973 88%|100,712  226%|135,964  305%|121,213  272%|171,383  385%|171,383  385%|174,318  392%
Net economic value from generation NPV US$M 8,678 68%| 8,678 68%| 2,719 21%| 5,288 41%| 6,837 53%| 8,061 63%| 13,433  105%| 13,433  105%| 14,362 112%
Net economic value from NPV US$M 12,654 320%| 12,654 320%| 3,393 86%| 8,222 208%| 10,377  262%| 10,781 272%| 12,940 327%| 12,940 327%| 12,934  327%
1.3 Improve navigation River transport Navigable days by class 000 boat-days n/a n/a n/a n/a n/a nla n/a n/a n/a
Net economic value NPV US$M -0 0%
1.4 Decrease damages by~ Extent and duration of annual  Average area flooded annually to max 1.0m depth ‘000 ha 33 2%| -297  -18% 35 2% 34 2% 34 2% 34 2% 66 4%  -379  -23% 80 5%
floods flooding by class Average area flooded annually > 1.0m depth 000ha 98 3% 851  30% 86 3% 92 3% 92 3% 92 3% -165  -6%| 909  32%| -223 8%
Net economic value of flood damage NPV US$M -85  -18% -735  -159%) -102  -22%) -102  -22% -102  -22%| -102  -22%) -54  -12%) -758  -164%) -30 -6%
1.5 Maintain productivity of ~Capture fisheries and Annual average capture fish availability Mtonne / yr -0 -16% -2 -100%)| -0 -2% -0 -4% -0 -15% -0 -1% -0 -12%) -2 -100% 0 1%
fishery sector aquaculture production Annual average aquaculture production Mtonne /yr 1 3% 1 35% 1 35% 1 3% 1 35%; 1 35% 3 102% 3 102%] 5  169%
Net economic value of capture fish NPV US$M -734  -268%) -734  -268% 362 132%, 167 61% <726 -265% -62  -23% 220 80% 220 80%; 920  336%
2. Environmental protection
2.1 Maintain water quality Water quality Total pollutant discharge tonnes / yr 189,447 51%) 199,809 54%)199,809 54%|199,809 54%|199,809 54%) 199,809 54%|393,559  107%|199,809 54%|570,281  155%
and acceptable flow Water quality conditions Severity
conditions Flow characteristics Average flow in March m3/s 361 13% 370 13% 260 9% 346 12% 344 12% 345 12% 355 13% 384 14% -125 -4%
Average wet season peak daily flow m3/s -770 -3%| 1,964 8% -750 -3%)| -656 -3% -767 -3%| =712 -3%| -1,192 -5%| 1,516 6%| -1,441 -6%
Average flow volume entering Tonle Sap MCM -1,747 -6% 922 3%| -1,382 -5%| -1,402 -5%| -1,400 -5%| -1,401 -5%| -2,803 -9% 41 0%| -2,732 -9%
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap '000 ha -5 0% 24 2% -5 0% -5 0% -5 0% -5 0% -9 -1%) 3 0% -20 -2%
Tonle Sap Net economic value NPV US$M -219  143% -219  143% -29 19% -74 48% -195  127% -100 65% -577  376% -577  376% -669  436%
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) '000 ha -13 -1%)| 70 5% -12 -1%) -13 -1% -13 -1%)| -13 -1%)| -20 -1%)| 59 4% -30 2%
productivity and ecosystems Net economic value NPV USSM 3 -1% 329  -144% 53  -23% 50  -22% 3 -1% 50  -22% -32 14% 264 -116% -81 36%
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity 000 ha -37 -2%| 295 19% -33 -2%) -47 -3% -16 -1%] -16 -1%) -27 -2%) 569 36% 51 3%
intrusion in the Mekong land use Net economic value NPV US$M 7 35% -22  -110% 5 25%] 3 15% 1 5% 3 15% 2 10% -22  -110% -4 -20%
2.4 Minimize channel River bank erosion Area at risk to erosion Severity Negative Severely negative Neutral Neutral Negative Mildly negative | Severely negative | Severely negative | Severely negative
effects on bank erosion Net economic value NPV US$M
and deep pools Flow and sediment transport Functioning deep pools No. -20  -43% -20  -43% -13 -28% -14 -30% -18  -38% -20  -43% -20  -43% -20  -43%
changes Induced changes Severity Mildly negative Mildly negative Mildly negative Neutral Mildly negative Mildly negative | Severely negative | Severely negative | Severely negative
2.5 Conservation of Impacts of flow management Status of river channel habitats Severity Mildly negative Negative Mildly negative Mildly negative Mildly negative Mildly negative | Severely negative | Severely negative | Severely negative
biodiversity changes on endangered species  Flagship species Survival nla nla n/a n/a nla nla n/a n/a nla
Unaffected environmental hot spots Severity Negative Severely negative |  Mildly negative Negative Negative Negative Severely negative | Extremely negative|  Catastrophic
Biodiversity condition Severity Negative Negative Mildly negative Mildly negative Negative Mildly negative Negative Negative Severely negative
Incremental net economic value of habitat areas NPV US$M -245  288% -330  388%) -135  159%) -155  182% -245  288% -220  259%) -350  412%) -440  518% -615  724%
3. Social development
3.1 Maintain livelihoods of ~ Health, food and income security No. of people affected '000 3,473 392%| 3,473  392% 677 76%| 1,128 127%| 3,472 391%| 1,851 209%| 3,619 408%| 3,923 442%| 3,707 418%
vulnerable resource-users Severity of impact on health, food and income security Severity Negative Negative Mildly negative Mildly negative Negative Mildly negative Negative Severely negative Negative
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related ~ employment from water resource |rigated agriculture 000 212 51% 212 51% 212 51% 212 51% 212 51% 212 51% 658  157% 658 157%| 1,535  367%
sectors interventions Reservoir fisheries (incremental to BS) 000 49 325% 57 375% 17 112% 24 161% 45 298% 35 233%| 111 720%| 111 729%| 126  833%
Hydropower production 000 508  490%; 508  490%; 120 116% 283 273% 430 415% 366  353% 424 409% 424 409% 470 453%
Aquaculture (incremental to BS) '000 101 40% 101 40% 101 40% 101 40% 101 40% 101 40% 277 110% 277 110% 453 181%
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country  Total net economic value NPV US$M 21,685 126%| 21,703  126%| 7,896 46%| 15,028 87%| 17,576  102%| 20,038 117%| 29,768 173%| 29,658  172%| 42,816  249%
LMB countries benefit from No. of people affected vulnerable to changes '000 3,473 392%| 3,473  392% 677 76%| 1,128 127%| 3,472 391%| 1,851 209%| 3,619 408%| 3,923 442%| 3,707 418%
the development of water No. of jobs generated 00 870 111%| 878 111%| 450  57%| 620  79%| 788 100%| 714  91%| 1,469 187%| 1,469 187%| 2,584  328%
and related resources Overall environment impact Severity Negative Negative Mildly negative Mildly negative Negative Negative Negative Negative Severely negative
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Table 25 Summary of scenario assessment for selected indicators incremental to baseline
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Table 26 Summary of scenario assessment for selected indicators incremental to Definite
Future Scenario
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Risks and uncertainties

Introduction

There are inevitable risks and uncertai nties associated with the accuracy of forecasted impacts.
These fal broadly into four categories associated with:

Q Theaccuracy of information and analytical tools employed;

Q Theavailability of information at an extent and level of detail necessary to adequately
understand the impact of development processes sufficient to support basin-scale planning;
and

O Uncertainties about the manner and timing of implementation and operation of water
resource devel opmentsin the future and how these may affect impacts of those
devel opments on the environmental, social and economic conditions in the basin; and

O Uncertainties about how future devel opments outside the water resource sector will
influence the outcomes and impacts of water and related resource devel opments.

The assessments undertaken have been mindful of each of these. Based on the overall findings,
this chapter discusses the significance of each of these categories of risk and uncertainty.

Accuracy and availability of tools

The principal tool used for predicting impacts of water resource devel opments on flow regime
(and hence on environmental social conditions) is the suite of models contained within the
MRC’s Decision Support Framework (DSF). These models were devel oped by MRC in 2004
and their performance was verified by the countries against detailed performance criteria at the
time. The DSF was subsequently adopted by MRC as the tool to be used for ng
transboundary flow assessment. The level of accuracy remains appropriate for basin scale
planning given that the nature of the assessments are about predicting relative rather than
absolute results.

Most other analyses have been conducted using proprietary GIS and spreadsheet tools. The
results from these analyses have been drawn together in a master sheet that has facilitated
checking of consistency of results generated from different sources and the identification (and
subsequent challenging) of any outlier values.
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Sufficiency of information and knowledge about impact processes
Sufficiency of available data

The sources of data used have been generally either the MRC Master Catalogue data or data
supplied by each country. The Master Catal ogue data used comprise various time series data (eg
hydrometeorol ogical data) which have been checked and cleaned by IKMP and layers of spatial
data generally compiled by the MRC Programmes (eg wetland data). Scenario set up data (eg
hydropower and irrigation data) have been extensively reviewed and verified by each country.
In all of the above cases, the data appear adequate to support basin-scal e assessments.

Neverthel ess the wide-reaching assessments undertaken have identified a number of knowledge
gaps where data availability is either limited or unavailable. These are principaly in the
following areas:

O Social data: Whilst avariety of government statistics have been accessed on demographic
patterns and socia conditions, the level of disaggregation across the basin is not uniform
and in many instances inadequate to identify the dependency of communities on water and
related resources and their resilience to changes in these resources. Thus the extent and
degree of socia impacts can only at thistime be assessed in broad terms.

O Fisheriesdata and response to changing conditions: Although much data and analyses
have been assembled in the past, as with the social data, more information on fisheries and
how the sector performs and will respond to future changes are needed. The predictions
made in support of these assessments should be considered indicative, but sufficient at this
stage to appreciate the significance between scenarios.

O Water quality and sediments: Whilst MRC has monitoring programmes in place for water
quality and sediments, the length of records and extent of data are still limited and the
assessments have inevitably depended much on expert opinion. Efforts have been made to
seek consensus amongst several experts where seemingly contentious issues have arisen and
this report reflects the consensus reached.

O Flood-related impacts upstream of Kratie: The DSF models used in this assessment do
not explicitly model water levels upstream of Kratie. The influence of the UMB dams,
combined with additional tributary dams and potential LMB mainstream dams will have
impacts along the mainstream corridor and adjacent floodplains upstream of Kratie. It has
been possible to interpret from predicted discharge changes the impacts of change flow
regime in this reach of the mainstream. However in the run-up to further developments
more detailed modelling in this area would be beneficial.

There are of course other areas where data and the understanding of detailed impact processes

can be beneficially improved. Thisis considered further in Chapter 6 of this report alongside the
dataissues above.
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I nfluence of knowledge gaps on risks and uncertainties

The impacts of the planned or proposed devel opments included within the scenarios have been
assessed based on existing knowledge and against the current landscapes. However, over the
different planning horizons circumstances may change.

The extent of these external changesis not usually predictable with ease. The influence of these
and of other factors on how risks and uncertainties may be viewed is discussed below.

Morphological changes

Asdiscussed in Section 3.3.2, the timeline for geomorphologica change initiated by the
Definite Future Scenario is such that generally these impacts will not become evident within the
next 15-20 years. There is some risk however that bed levelsin the alluvia stretches such as at
Vientiane may start to fall with increased risk of bank erosion. Also floodplain sedimentation
will decrease within a decade with consequences for agricultural production, if not compensated
with fertilizers. Beyond 20 years bed level incision in erodible reaches is likely to become more
evident and sandbars will start to diminish from the upper reaches progressing to the lower.

However, of potentially much greater importance is the risk that increased sediment trapping
due to reservoir construction may have significant consequences for the stability of the Mekong
Delta. There are differences of view over both the timing and extent of possible impacts, which
arein any event likely to be strongly influenced by autonomous devel opments (flood protection,
river training, sand mining) and by sealevel rise.

Further studies and more detailed guidance on how best to respond to geomorphological change
are clearly merited and should form part of the planned activities during the next 5 years
aongside devel oping guidance on how to minimise sediment trapping.

Climate change

Whilst the scenario assessments are based upon changes to average wet and dry season flowsin
the Mekong region brought about by climate, awider assessment of the hydrological regime has
been considered in the Annual Flood report (viz.: the onset and end of the flood season, the
seasonal pattern of flow, the variance of the statistics and the distribution of annual maximum
discharge).

Overall, climate change is not expected to significantly increase the annua average wet and dry
season flows in the foreseeable future, but may be expected to cause increased runoff in the
longer term. The increased average flood season flows could be offset by the increased tributary
storage envisaged in the scenarios. However, the already high year-to-year variahility of wet
and dry season flows would further increase together with the frequency and intensity of floods
and droughts.

Agriculture isthe most vulnerable economic sector to the less reliable patterns of rainfall.
Greater drought risk combined with the increased incidence of long term flood inundation will
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potentially lead to greater crop losses and lower food security. The predicted rise in temperature
will also affect crop water demands and reduce rice yields, potentialy substantially unless new
varieties are introduced which are more resistant to water stress.

Most regional climate change impact studies forecast an increase in extreme flood events based
on the expected increase in number of typhoons and severe tropical storms affecting the LMB.
These extreme events are responsible for the mgority of the most damaging events, amounting
on average to annual losses in the order of US$76 million, rising to over US$800 millionin an
extreme year. The economic implications of an increase in extreme events are therefore
considerable.

The threats posed by sealevel rise due to climate change in the Mekong Delta are severe.
Estimates of sealevel rise range by 2010 vary between 30cm and 1 metre and by as soon as
2030, just 17cm of sealevd rise could cause a significant increase in the Delta sland area
exposed to salinisation and crop damage through flooding, notwithstanding the increasein dry
season flows due to upstream devel opments. The vulnerability of the Deltaareato climate
change (and also to sediment trapping) and the realistic options for addressing this through a
programme of adaptation are both clearly of great strategic importance.

The focus of the current assessments has been on economic development projects (hydropower
and irrigation mainly) in the medium term during which the impacts of climate change may not
be so strongly felt. However, in the longer term beyond the proposed 20-year planning horizon,
the threats posed by climate change are of such potential magnitude that further strategic studies
should be taken up so asto develop along term plan that will prudently guide near term
developments in the Cambodian and Viet Nam flood plains. Consideration may be givenin
particular to:

Q Thelinks between increased variability in rainfall and the greater risk of drought - influence
how may the countries respond in both operational and planning terms to periods of below
average dry season flows;

Q The planning response to an increased severity of flooding in the future and how best to
defend against (or live with) thisthreat;

O Theresponseto sealevel rise and the transboundary implications and the influence that
upstream devel opments could have on mitigating this risk®; and

O The need to understand better the impacts of climate change on agriculture (the largest
consumer of water in the basin) and the consequences of changing cropping patterns and
consumptive demands for maintaining water balance in the longer term.

2 Could, for instance, reservoir storage be used to mitigate against these increased risks, and is there a need to set aside parts of the flood
plainsto meet long term flood storage requirements?
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Environmental issues

The assessments of the Definite Future Scenario and the 20 Y ear Scenarios have identified a
number of uncertainties relating to impacts in and around the Tonle Sap, the fisheries
assessments, the impacts related to wetlands reductions (particularly relating to local
communities), flagship species, environmental hotspots and localised impacts within river
reaches above and below dams.

Given the complexities of the bio-physical and ecological processesinvolved, the type and
extent of uncertainties encountered are to be expected. These uncertainties may be exacerbated
by alack of knowledge of how other devel opments outside may also impact upon
environmental assets”®. However, whilst in some cases the impacts may not be possible to
precisely quantify, the directions of change and in most cases the orders of magnitude are clear
and sufficient to enable decisions to taken on what is a suitable scenario for defining how
devel opment, and resource protection, can proceed.

Nevertheless, these uncertainties do clearly define what future complementary studies should
occur over the next 5 years to provide strategic direction and guidance as to how devel opment
projects are implemented in these locations.

Social issues

The socia assessment has been constrained by the lack of detailed data on the potentially
impacted populations. Nevertheless, it has been possible to establish for each scenario the
magnitude of the number of exposed vulnerable resource users, which provides a useful
indication of the extent of the social impact. Further data and studies are required to assess the
numbers within these populations who would require direct intervention to sustain their
livelihoods.

In addition, it is very evident that socio-economic conditions within the basin are changing due
to overall increase in economic prosperity, poverty aleviation programmes and migration. The
extent to which these changes will impact upon the numbers of vulnerable resource users needs
to be understood better in order to ensure both appropriate timing of developments and that
appropriate safeguards are introduced.

2 External developments may include fisheries management practices, population growth and migration, pressure to develop land for other
purposes, congtruction of roads and other infrastructure on flood plains, etc.
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Manner and timing of implementation and operation of water resource
developments

The assessment findings in Chapter 3 make clear the very significant impacts that new storage
in both the UMB mainstream and LMB tributaries will have in terms of enabling increased
abstractionsin the LM B from the additional dry season flows over and above the “natural”
flows. Thismajor finding is self-evidently crucia to appreciating how future development of
consumptive uses may be planned and requires careful examination as to the confidence that
can be attached to this finding. Further assessments have therefore been conducted on the
reliability that can be attached to the flow augmentation from both the UMB dams and the
tributary dams.

The major new large storages of the UMB cascade - Xiaowan and Nuozhadu - will become
operational in about 2011 and 2015 respectively. During the critical dry season flow month of
March, the UMB dams will then provide an additional 780m®/s of dry season flow at Kratie,
according to current IKMP estimates. Under the scenario plans, by 2030 dry season abstractions
in the LMB above Kratie are expected to increase over the baseline during March
approximately by 530m?s. The UMB dams will thus be in a position to provide al of this. A
similar assessment made at Tang Chau demonstrates that the UMB dams contribute 660m3/s
compared to total abstractions upstream of Tang Chau of 570m3/s, again more than adequate to
meet demands without recourse to additional storage from the LMB tributary dams.

Discussions held with experts from China suggest that their equivalent estimate of dry season
releases is approximately 1,000m%s. The IKMP estimate was based on assumptions considered
to be conservative, which is supported further by the Chinese estimate. Thus, there are grounds
to consider the IKMP estimate to be at the low end and should be achieved if the UMB dam
construction programme remains on track. The water balances at Tang Chau in March for this
and other scenarios are illustrated in Figure 44.

Figure 44 Water balances
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be delayed could be delayed and how this would impact on supplying new developments?
Xiaowan is now storing water and there is good reason to anticipate that releases will be
available in the 2012 dry season. Nuozhadu dam should be operational by 2015/16. Conversely
the planned development of 1.6Mhawithin the basin will be spread over the next 20 years and
by 2020 may be of the order of 50% of this figure. Thus it seems improbable that any
reasonable delays in bringing the UMB dams in operation will cause a constraint on the supply
side. Figure 45 illustratesthat in an extreme case where Nuozhadu dam for some reason did
not become operational, the water demands of the 20-year Foreseeable Future Scenario could
till be met with just 25% of LMB storage in place.

Figure 45 Water balances
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Lancang shows that the storage reservoirs can be easily refilled at al times during the wet
season, resulting in this being a negligible risk to LMB dry season flows from this issue.

Thusfrom the perspective of the maintaining at least the minimum natural flow
conditionsin the dry season, there appear sto belittlerisk that the augmented flows from
UM B storage will not meet the demands of the 20-year plan. Furthermore the presence of
new storage on the LMB tributaries addsfurther safeguards against extremerisks.

Nevertheless, there will aways be some risk that UMB releases do not meet expectations. These
may arise from emergency situations or from operational mismanagement (during flood or
normal operation periods). International experience suggests these risks to be low: modern dam
flood operation, and dam safety and mai ntenance procedures limit the risk but there could
aways be unforeseen issues such as afailure of turbines, which may mean areduced outflow
from dams and lower than expected flows passing downstream. This would lead to competition
amongst all LMB countries for available flows for irrigation and in-stream requirements (for
environmental purposes, sdinity control, navigation and power generation purposes).

Theserisks are minimised if all parties involved clearly understand the rights, needs and
obligations of each other. This can occur at the technical level asisnow occurring between

116

Assessment of Basin-wide Development Scenarios - Main Report 2011



Assessment of Basin-wide Development Scenarios
Main Report

MRC and China on the exchange of data and information, or it may involve higher levels of
government if a specification of international and sovereign rights and obligations are involved.
A protocol at this higher level, between China and the four lower Mekong countries could:

recognise the common water related interests that exi<t,

respect the sovereign rights of al Mekong countries to develop and utilise the water,
agree to share information on common interests that does breach national security,
establish a process and dialogue that will clearly define the water related rights and needs,
and specify obligations and responsibilities,

O delegate the roles of implementing the protocol (MRC and China MWR/Institute)

000D

This could lead to seasonal and 3 year operation plans being exchanged and discussed, and also
aprocess for ‘advance warning’ of any major operational changes or new water planning
initiatives. Countries could consider the need for such a protocol which would be in line with
many other international examples. It would be an issue that ultimately needs to be considered
at the foreign affairs levels of government.

It isaso important that these and other risk areas are carefully monitored and reviewed on a
regular basis. Particular attention needs to be given not only to flow and water quality data, but
also to water use monitoring particularly with regard to infrastructure development®. By
adopting afive-year review period for the IWRM-based Basin Devel opment Strategy, sufficient
checks and balances can be undertaken to incorporate these uncertainties in future planning
reviews.

2 In this regard the Project Master Database discussed with RTWG last year would be a valuable tool. At regular intervals, say 1-or 5-yearly
the developments of all countries could be updated with refreshed baselines using the Projects Database and these tested using the DSF in
similar fashion as it has been used to support the current assessments reported on here
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Implications for planning

Introduction

This chapter draws together and summarises the various observations made in this report that
relate to issues that may be considered whilst formulating a basin-wide development strategy for
the LMB and a project portfolio.

Sharing benefits, risks and impacts

The Foreseeable Future Scenarios will require very large investments across all countries and
will produce very substantial benefits. These benefits will benefit all countries but will be
spread unevenly across the four countries, depending on which of the various components of the
LMB 20-Y ear Plan Scenario are adopted.

In general in al the Foreseeable Future Scenarios, Lao PDR will gain most as the largest
hydropower operator but others will benefit also as both producers and consumers of electricity.
Irrigation gains will also be significant. However, Cambodiawill benefit less than other
countries, due to adverse impacts on capture fisheries and, in one case, aless attractive
hydropower devel opment.

With such avariance in the distribution of benefits, it becomes important to consider the overal
‘equity’ between countries of basin wide developments, to look closely at how adverse impacts
are also distributed. Which country suffers more than others, what type of disbenefits occur,
which sectors and which groups of the basin communities are affected, how do these disbenefits
relate to the longer term socio-economic plans of the countries and for regions/provinces within
countries — these are all questions that must be considered and discussed in the wider context of
basin wide benefit and impact sharing, and country to country trade-offs debates.

Benefit and impact sharing in international (or transboundary) water resources management is
not a new concept. How it could be implemented will vary with the particular basin-wide
circumstances (size, nature and spread of both benefits and impacts) and the political and socio-
economic issues that apply to the countries in a basin. Many of the existing transboundary
benefit sharing agreements relate more to specific development projects and how both benefits
and impacts from the project are shared across governments and across affected communities.

The basin-wide devel opment scenario approach operates above the individual project level and
considers ‘ packages of projects (i.e., the various scenarios), which relate more to ‘ cumulative
development impacts' rather than those of asingle project. This may lead to a much broader
consideration of benefits and impacts and may need particular techniques and concepts that are
more suited to a scenario-based approach.
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Innovative funding approaches may also be considered in conjunction with these options for
benefit and impact sharing. There are examples in other river basins where ‘river basin trust
funds' or ‘water and environment management funds’ are established to support arange of
activities and projects related to impact sharing.

The countries will need to consider whether all the options and issues relating to benefit sharing
and funding support need to be resolved in conjunction with, or at the same time as, selection of
an agreed scenario.

Acknowledging and planning for change

The assessment of the Definite Future Scenario demonstrates that developments already in
process (as aresult of past decisions) will lead to asignificant change in the natural flow regime
and sediment transport. Apart from the potential impacts caused by the mainstream dams on
fisheriesin particular, the other future devel opments, about which choices can still be made,
may have only relatively small incremental change over and above those brought about by the
Definite Future Scenario.

Thus, it appears appropriate to not only acknowledge that geomorphological, environmental and
socia impacts are largely inevitable but aso to commence taking actions now to address these.
|dentified disbenefits within the scenarios could be transformed to net benefits, or at least have
impacts reduced, with appropriate sectoral investments, which would be fully consistent with an
IWRM -based approach to basin devel opment.

The countries may wish to consider also how the basin plan should incorporate programmes to
manage proactively these and other exogenous changes through non-structural programmes to
be taken into the Project Portfolio. The IWRM-based Basin Development Strategy will include
aroadmap for moving forward over the next 5 years once the Strategy is approved, and this
should include complementary studies that are identified now during the finalisation of the
assessment process, plus aprogram of consultations with sub-area groups and RBO'’ sto identify
what range of activities and projects at the more loca level might be considered in response to
the benefits and impacts within the approved strategy.

Coping with risks and uncertainties

Key risks and uncertainties have been discussed in Chapter 5. These focus on the need to ensure
that the international water dimension between China and the LMB countriesis recognised in
some more formal way, to ensure that complementary activities (hydropower dams and related
irrigation expansion) proceed in a balanced and, as far as possible, equitable manner. They also
focus on the issues of climate change, sediment trapping and the apparent need to address flood
plain management in the Mekong Deltain a more holistic and comprehensive manner than has
been the case hitherto.
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The countries may wish to consider how the basin plan should incorporate programmes to
manage these risks and uncertainties proactively through non-structural programmes also to be
taken into the Devel opment Portfolio.

Addressing knowledge gaps and strategic issues

Thisreport has identified a number of knowledge gaps that are considered important to address
to better guide future developments. These fall into three main categories, being:

(i)  Theneed to more fully understand the processes which govern the nature and magnitude
of impacts;

(i)  The need to develop strategic guidance for dealing with specific issues that this report has
identified associated with near-term devel opments; and

(iiiy  The need for strategic studies relating to long term developments but with near term
relevance.

Each of these three areasis elaborated below.
| mpact processes

Key areas where greater understanding is needed about how impacts arise and how they may be
managed beneficialy have been identified in Section 5.2. These include:

O Social data: Detailed data sets are needed to understand more fully demographic patterns
and social conditionsin high impact areas in particular in order to assess the dependency of
communities on water and related resources and their resilience to changesin these
resources,

O Fisheriesdata and response to changing conditions: More information on fisheries and
how the sector performs and will respond to future changes are needed;

O Water quality, nutrients and sediments: The MRC monitoring programmes for water
quality, nutrients and sediments should be reviewed in the light of the assessmentsin this
report and, where required, intensified.

O Flood-related impacts upstream of Kratie: More detailed modelling in this areawould be
beneficial to understanding the impacts of flow changes on the different reaches upstream
of Kratie, and how mainstream dams will impact on these.

The countries may wish to consider how these knowledge gaps can best be addressed, taking
into account ongoing activities of the MRC Programmes and those of line agencies and research
institutions within the member countries.
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Strategic guidance

The devel opments contained with the scenarios have awide range of impacts, many of which
are viewed as adverse. Within the context of IWRM, it is essential that approaches are

devel oped to manage these impacts in a constructive manner. These naturally fall into two
groups:

(i) strategic guidance, where specific complementary actions are deemed necessary as part
of an agreed devel opment plan, and

(i)  best practice guidelines, where improvements in the way the plan’s components are
taken up would add value to those components.

Areas where strategic guidance appears to be important are (depending upon the devel opment
components brought into the Basin Devel opment Plan):

O Addressing the immediate and long term impacts arising from the Definite Future Scenario,
particularly with regard to impacts on wetlands and resource dependent vulnerable
households;

O Addressing the direct local impacts of tributary hydropower development and cumulative
transboundary impacts of flow regulation and sediment trapping;

O Addressing the impacts on capture fisheries and bio-diversity in a coherent and proactive
manner;

O Addressing the direct impacts of mainstream dam devel opment on navigation, fish
migration, wetlands, flagship and other species and resource dependent vulnerable
households;

Areas where best practice guidelines appear to be important are:
O Managing wetlands and flooded areas under increasing pressures from devel opment;
O Managing the impacts on flagship species and environmental hotspots

O Improving agricultural and land management practices to increase irrigation efficiency,
cope with greater drought risk and minimise pollutant runoff;

Q Further improving transboundary navigation; and

a Strengthening IWRM planning and linkages between different levels of planning program,
including guidance on consultation processes with sub-area groups and RBOs to strengthen
and harmonise local level activities with IWRM macro-planning and the approved basin-
wide development strategy.
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Strategic studies

Four areas of strategic study appear necessary in order to address properly areas of key concern
that emerge from this assessment. These are:

O Climatechange: Further studies of the implications of climate change on the basin’ slong-
term hydrology, on agriculture and food security and on ecologica conditions and bio-
diversity;

O Flood plain management: Addressing the long term challenges presented by climate
change, sea level rise, economic and infrastructure devel opment within the Cambodian and
Viet Nam flood plains, including the Tonle Sap to determine along term plan for
rationalising these competing demands in a sustai nable manner, and which would guide
near term development choices;

O Management of social impacts: Investigation of alternative approaches to managing
proactively and beneficially the impacts of water resource devel opments amongst those
exposed vulnerable water resource users taking into consideration external influences on
socio-economic conditions and integrating with existing national programmes;

O Fisheries management: Investigation of alternative approachesto better integrating
fisheries management into future basin development plansin a manner that creates an
appropriate balance with water resources infrastructure devel opment and sustains fisheries
production at levels that meet consumer demands and minimises impacts on the rural poor.

Monitoring and evaluation programme

The planning process in which BDP is engaged follows a cycle which isreflected in the rolling
plan process which integrates basin-scal e planning with national and sub-national planning. A
cornerstone of this process is that each cycle includes monitoring of how the implementing the
plans has impacted on the basin and whether the desired outcomes have been achieved.

Figure 46 lllustration of planning cycle

Monitoring thus represents a key instrument

in the planning cycle. Shared

ision .
/ — Sector studies

"State of Basin"

The purpose of such amonitoring

Monitoring \Regional planning
programme is to provide planners and ~ /
decision-takers with the information Devell IWRM

| X pyuent Stra_tggy Feeglback
necessary to judge whether their plans have core
been implemented and whether outcomes Project . .
from the activities undertaken match with mplementation Natigfial planning
those intended. Thus a good monitoring Feasibility studies “pians ¢ Local planning

programme embraces both actions and
outcomes.
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In this context actions refer to whether the plan components have been implemented. This
includes generally physical works, non-structural programme activities, studies and the like.
The Project Master Database previously referred to forms a part of this aspect of monitoring.
Progress reports of MRC Programmes will form another.

Figure 47  Concepts behind a monitoring framework
for the BDP

Outcomes, on the other
hand, must relate

ultimately to whether lllustrative uses lllustrative indicators
the stated goals ae BDP scenario Eg Number of people
being achieved. To assessment in/out of poverty

g

Basin planning
indicators

State of Basin Report:
Executive Summary

measure these
normally requires a
hierarchy of indicators

. . Scenario assessment Eg Dependency and
linked ultimately to processed data L resilience ratios
. ) Supporting indicators
that which can be State of Basin Report:

. Topic chapters
directly measured, as P P

illustrated in Figure 47.

MRC-IS data sets - Eg Demographic
in master catalogue Monitoring parameters and health
The assessment (ie what can be measured) statistics
framework which has
been devel oped during

the current planning process provides a good starting point for designing a monitoring system to
provide the necessary assuranceto all stakeholdersin the Basin Development Plan, but clearly
will need to be elaborated as suggested by Figure 47 to provide the necessary and measurable
information that will be required.
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Scenarios under consideration

No. Short Title Full Title

Assessment of Basin-wide Development Scenarios

Development

Main Report

Interventions/Projects

Period
Baseline situation
1 BS Baseline Scenario Year 2000 infrastructure including
existing HEP dams
Definite future situation
2 2015-UMD Upper Mekong Dam Scenario 2000 - 2015 Baseline extended to include the full
HEP cascade on the Lancang
3 2015-DF Definite Future Scenario 2000 - 2015 2015-UMD plus 26 additional HEP
dams in LMB and 2008 irrigation and
flood measures
Foreseeable future situation
4.0 2030-20Y LMB 20-Year Plan Scenario 2010 - 2030 2015 DF plus 11 LMB mainstream
dams and 30 planned tributary dams,
irrigation, and water supply
4.1 2030-20Y+CC LMB 20-Year Plan Scenario 2010 - 2030 As above plus climate change for
Climate change average year between 2010-30 and
17cm sea level rise
5 2030-20Y-w/o LMB 20-Year Plan Scenario 2010 - 2030 As above, excluding 11 LMB
MD without mainstream dams mainstream dams
6.1 2030-20Y-w/o LMB 20-Year Plan Scenario with 6 2010 - 2030 As above plus 6 LMB mainstream
LMD mainstream dams in Northern Lao dams in upper LMB
PDR
6.2 2030-20Y-w/o LMB 20-Year Plan Scenario with 9 2010 - 2030 2030-20Y, excluding the two Thai
TMD mainstream dams, excl. Thailand mainstream dams
6.3 2030-20y-w/o LMB 20-Year Plan Scenario with 9~ 2010-2030 2030-20Y, excluding the two
CMD mainstream dams, excl. Cambodia Cambodian mainstream dams
7 2030 — 20Y Mekong Delta Flood Management 2010 - 2030 Baseline plus 3 options for flood
Flood Scenario control in Cambodia and Viet Nam
Delta
Long term future situation
8.0 2060-LTD LMB Long-term Development 2030-2060 2030-20Y plus further infrastructure
Scenario developments in LMB
8.1 2060-LTD+CC2 LMB Long-term Development 2030-2060 As above plus climate change for
Scenario average year between 2030-50 and
Climate change 30cm sea level rise
9 2060-VHD LMB Very High Development 2030-2060 As 2060-LTD, extended to full
Scenario potential infrastructure developments
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Summary of assessment of flood management
scenarios

Introduction

Mekong Delta Flood Management Scenarios investigate flood risk reduction and drainage
measures in the Mekong Delta formulated by Cambodia and Viet Nam within the context of the
LMB 20-Year Plan Scenario.

In the Viet Nam Delta, technical and operational measures would control flooding of the
annually deep flooded areas beyond the early floods and mitigate the increase in damaging
flood frequencies that are being predicted due to climate change. Flood management measures
for the Cambodian Delta would be implemented to protect the shallow flooded areas throughout
the wet season and deep flooded areas against early floods only, allowing the safe harvest of a
second crop. The (transboundary) impact of the loss of flood storage capacity could be
mitigated by the diversion of flood waters in the border zone towards the Gulf of Thailand
and/or the Vam Co River.

The main purpose of this scenario is to study the transboundary impact of regional flood
management options in the Mekong Delta. The scenario comprises several sub-scenarios, which
have been assessed with support of the MRC FMMP Component 2: Structural Measures and
Flood Proofing. This summary is drawn from the findings of their report.

Foreseeable future flood management

scenarios x

The flood management scenarios assessments made are . ’
. . Camboclia
based on flood hazard analysis using 97 years of records

from 1910 to 2006, which in effect equate to the BDP tHlest Bassac Bartlkkong

baseline conditions (in so far as no major new

developments in LMB are considered). : e :'"h City
|

The assessments focussed on the following areas / \ -\' I

defined in close consultation with Cambodia and Viet Long 3ige s N Pab o e

Nam: s gk

O In Cambodia: (i) Floodplains on the West Bassac

! MRC Flood Management and Mitigation Programme, Component 2: Structural measures and flood proofing in the Lower Mekong Basin,
December 2009, draft Final Report
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(i) floodplains between Bassac and Mekong and (iii) floodplains on the left bank of the

Mekong and south of the NR #1
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O InViet Nam: (i) Long Xuyen Quadrangle (LXQ), (ii) area between Bassac and Mekong
north of the Vam Nao, and (iii) Plain of Reeds (POR) north of the Nguyen Van Tiep Canal.

From these, three main scenarios were defined to represent the Foreseeable Future Scenario (20-

year). These scenarios are:

(i) Scenario CamO - comprising early flood protection
and full flood protection? in Cambodia and no
further development in Viet Nam. The flood
protection in Cambodia being (i) West Bassac with
full flood protection in two zones and early flood
protection in one, combined with (ii) East Mekong
with full flood protection in two zones, early flood
protection in one and no protection in a fourth.

Gross area of projects Mha
West Bassac 0.41
East Mekong 0.32 0.73
Plain of Reeds 0.56
Long Xuyen Quad. 0.49 1.05
Totals 1.78

(i) Scenario VNA — comprising early flood protection and full flood protection in Viet Nam

as follows: (i) Long Xuyen Quardangle with enlargement of drainage canal, no gated

sluices along Bassac river and rubber dams for early flood protection, (ii) Trans Bassac
area with full flood protection as present, and (iii) Plain of Reeds with canal enlargement

to improve drainage capacity.

(iiiy  Scenario CamOVNa - comprising a combination of the two above.

The main conclusions from the FMMP-C2 study relating to the three agreed scenarios are as

follows:

Q Inthe case of development in Cambodia alone, the risk in Cambodia reduces (with

1:100yr protection in the full flood protection areas and 1:10yr for early protection in the

deep flooded areas). However, risks increase in Viet Nam in the Trans Bassac and LXQ

areas, but decrease in the Plain of Reeds.

Q Inthe Scenario VNA, the development of flood protection in Viet Nam alone would have

an opposite impact. Total risks in Viet Nam are expected to decrease as a result of the

protection measures, whilst increasing risks in Cambodia.

2 Early flood protection covers protection during the start of the annual flood season between May and August for paddy season harvested
during July-August. After harvest, the area is allowed to be flooded as flood zone until end of flooding in November. Full flood protection

prevents inundation throughout the flood season which normally peaks in September.
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O The combined scenario CamO+VNa results in lower risk in both countries with the
exception of LXQ, which apart from the main Mekong and Bassac rivers is more or less the
only flood passage way to the sea.

O Due to the high cost of land acquisition and the short distance to the sea, these increased
risks are better mitigated by the widening of the canalsin the LXQ rather constructing
new large canals elsewhere. Such projects are already underway, although further studies in
engineering design are required to find optimal solutions for increasing the discharge
capacity.

Long term flood management scenarios

In addition and in the run-up to defining the scenarios above, other scenarios were looked into.

= These included differing levels of flood protection in Viet

L "*~.m\“-.,_ Nam, diversion of flood flows into Tonle Sap and diversion

h \H of flows to the Gulf of Thailand (a scheme that was not

R ) developed further after initial consideration).

gankandh A ——

. ®a. / The diversions to Tonle Sap were shown to have some

'3__";"”*:' 7 positive effects on flooding downstream, but limited in
nature compared to the massive investments required.

=nom Fenh ..fr"
The review of climate change set out in section 5.4.1

2 underscore the long term challenges associated with flood
plain management in the Mekong Delta. Current option studies under FMMP have focussed on
investigating specific schemes from which considerable understanding has been gained on local
flood management best practice leading to best practice guidelines have been developed.

However, as apparent, a much wider consideration of flood plain options is needed to take into
account the threat of climate change and the potential massive social and economic
consequences that arise. Whilst these threats are clearly evident for Viet Nam, the studies
undertaken by FMMP emphasise the inter-dependence of possible solutions between Viet Nam
and Cambodia. In addition, as demonstrated by the assessments made in this report of upstream
developments, clearly Cambodia has a number of other major issues to address, particularly
with impacts on the Tonle Sap from upstream flow modifications and barrier effects of new dam
construction.

It is evident therefore that, to address these issues in an integrated manner, major further studies
are needed to investigate long term issues flood management in the context of both climate
change and emerging strategies for upstream development and to explore the potential for
synergies between the two. The outcome of such a study should be aimed at guiding
developments in a manner that leads to prudent investment in the near term that will better
enable long term solutions to be achieved.
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assessment parameters
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Baseline
| o Hydropower and storage Water
Irrigation areas
dams supply
| Wet Dry N Installed Live Domestic & |
0. N . .
season  season capacity ~ storage industrial
| Mha Mha GW BCM BCM pa. |
Lao PDR 0.20 0.09 8 0.62 5.59 0.13
Thailand 1.27 0.10 6 0.24 3.28 3.28
Cambodia 0.27 0.26 0 0.00 0.00 0.14
Viet Nam - Highland 0.13 0.04 1 0.72 0.78 0.05
Viet Nam - Delta 1.87 0.75 - - - 0.43
Mainstream - - 0 0.00 0.00 -
UMB - - 1 1.55 0.26 - |
Basin total 3.74 1.25 16 3.14 9.91 1.78

Scenario run no.: 1000 |

. Wet season irrigated area /

. Dry season irrigated area

Yol
St Lt | r—n

Assessment of Basin-wide Development Scenarios - Main Report 2011 137



Scenario assessment results
Estimated total values

Assessment of Basin-wide Development Scenarios
Main Report

Baseline Scenario

Scenario run no. 1000

Assessment Lao PDR Thailand Cambodia Viet Nam Total
issue Unit Amount Amount Amount Amount Amount
Hydrological assessment
Key hydrological parameters: Location Vientiane Mudakhan Kratie Tan Chau Average
Monthly average dry season flow (March) m’s 1,100 1,453 2,197 3,072 1,955
Average peak daily flow in wet season mls 15,921 25,501 46,763 21,310 27,374
Flow reversal in Tonle Sap: Location Prek Kdam TLS only
Average flow volume entering Tonle Sap MCM n/a n/a 32,259 n/a 32,259
Average date of flow reversal (+/-) Days n/a n/a 145 n/a 24-May
Land use and condition assessment
Total irrigated area '000ha 204 1,266 273 1,996 3,739
Total irrigated cropped area '000ha 332 1,422 563 4,312 6,629
Average area flooded: < 0.5m '000ha 24 23 185 334 566
Average area flooded: 0.5 - 1.0m '000ha 24 24 231 669 948
Average area flooded: 1.0 - 3.0m '000ha 84 90 712 795 1,680
Average area flooded: > 3.0m '000ha 272 232 1,055 5 1,564
Area lost to bank erosion Severity Neutral Neutral Neutral Neutral Neutral
Area affected by salinity of > 1.3gm/I '000ha 0 0 0 1,851 1,851
Water quality and geomorphology
Herbicide runoff tonnes /yr 1,463 11,761 908 22,828 36,959
Insecticide and fungicide runoff tonnes /yr 1,939 13,665 1,455 25,720 42,780
Nitrogen runoff from agriculture tonnes /yr 3,371 11,631 2,455 63,550 81,007
Phosphorus runoff from agriculture tonnes / yr 308 1,239 281 8,329 10,156
Nitrogen from waste water discharge tonnes /yr 8,629 13,977 6,633 9,896 39,135
Phosphorus from waste water discharge  tonnes/yr 2,589 4,193 1,990 2,969 11,740
BOD from waste water discharge tonnes /yr 32,358 52,414 24,872 37,110 146,755
Impact on water quality Severity Neutral Neutral Neutral Neutral Neutral 0
Change in sediment supply Severity Neutral Neutral Neutral Neutral Neutral 0
Induced geomorphological changes Severity Neutral Neutral Neutral Neutral Neutral 0
Production assessment
Hydropower generated GWh/yr 3,032 2,403 0 3,659 9,093
Reservoir fisheries Mtonne / yr 0 0 0 0 0
Flood damages US$M / yr 70 67 26 56 219
Agricultural production: rice Mtonne /yr 1 4 2 18 25
Agricultural production: non-rice Mtonne /yr 0 1 0 2 3
Capture fisheries production Mtonne /yr 0 1 1 0 2
Aquaculture production Mtonne /yr 0 0 0 2 2
Environmental assessment
Total wetland area: flooded forest '000ha 0 0 452 46 498
Total wetland area: marshes '000ha 8 12 518 0 538
Total wetland area: inundated grassland ~ '000ha 9 50 318 55 431
Tonle Sap only: flooded forest '000ha 0 0 452 0 452
Tonle Sap only: marshes '000ha 0 0 309 0 309
Tonle Sap only: inundated grassland '000ha 0 0 277 0 277
Forest area in reservoir areas '000ha 14 14 1 2 31
Number of viable deep pools No. 20 17 5 5 47
Status of river channel habitats Severity Neutral Neutral Neutral Neutral Neutral 0
Flagship species Survival Suniving Suniving Sunviving Suniing Suniing
Environmental hot spots Severity Neutral Neutral Neutral Neutral Neutral 0
Biodiversity condition Severity Neutral Neutral Neutral Neutral Neutral 0
Economic assessment (net economic values)
Irrigated agricultural production NPV US§M 0 0 0 0 0
Hydropower generated NPV US$M 2,293 491 0 1,712 4,496
Hydropower imported/exported NPV US§M 340 209 0 267 817
Navigation NPV US§M 0 182 0 o] 182
Flood damage mitigation NPV US§M 0 0 0 0 0
Capture fisheries reduction NPV US§M 0 0 0 0 0
Reservoir fisheries NPV US§M 0 0 0 o] 0
Aquaculture production NPV US§M 0 0 0 0 0
Forest area reduction NPV US§M 0 0 0 0 0
Recession rice NPV US§M 0 0 0 o] 0
Wetland area reduction NPV US§M 0 0 0 0 0
Mitigation of salinity affected areas NPV US§M 0 0 0 0 0
Reduction in eco-hotspot/biodiversity NPV US$M 0 0 0 0 0
Total economic impacts NPV US$M 2,634 882 0 1,979 5,494
Social assessment
No. of people at risk of loss of livelihood ‘000 0 0 0 0 0
Severity of impact on livelihoods Severity Neutral Neutral Neutral Neutral Neutral 0
No. of people employed in:
Irrigated agriculture '000 79 227 7 35 418
Reservoir fisheries (incremental to BS)  '000 0 0 0 0 0
Hydropower production '000 0 0 0 0 0
Aquaculture (incremental to BS) '000 0 0 0 0 0
Overall assessment
Overall environment impact Severity Neutral Neutral Neutra Neutral Neutral 0
Livelihoods Severity Neutral Neutral Neutra Neutral Neutral 0
Economic production NPV US$M 2,634 882 0 1,979 5,494
Other economic impacts NPV USSM 0 0 0 0 0

Assessment of Basin-wide Development Scenarios - Main Report 2011

138




Assessment of Basin-wide Development Scenarios
Main Report

Upper Mekong Dam Scenario

S Hydropower and storage Water
Irrigation areas
dams supply
Wet Dry No Installed Live Domestic &
- season season : capacity  storage industrial
| Mha Mha GW BCM BCM pa.
( Lao PDR 0.20 0.09 8 0.62 5.59 0.13
- Thailand 1.27 0.10 6 0.24 3.28 3.28
“g'\- 3 Cambodia 0.27 0.26 0 0.00 0.00 0.14
\ Viet Nam - Highland 0.13 0.04 1 0.72 0.78 0.05
Viet Nam - Delta 1.87 0.75 - - - 0.43
\ Mainstream - - 0 0.00 0.00 -
Total LMB 3.74 1.25 15 1.59 9.65 1.78
N \. uMB - - 6 15.45 23.19 -
l‘ll. l Basin total 3.74 1.25 21 17.04 32.84 1.78
N { Scenario run no.: 2000
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Source: BDP2 scenario datasets, April 2010
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Upper Mekong Dam Scenario

Scenario run no. 2000

Assessment Lao PDR Thailand Cambodia Viet Nam Total
issue Unit Amount Amount Amount Amount Amount
Hydrological assessment
Key hydrological parameters: Location Vientiane Mudakhan Kratie Tan Chau Average
Monthly average dry season flow (March) m3/s 1,874 2,231 2,977 3,731 2,703
Average peak daily flow in wet season mals 13,831 23,880 45,671 20,962 26,086
Flow reversal in Tonle Sap: Location Prek Kdam TLS only
Average flow volume entering Tonle Sap MCM n/a n/a 30,145 n/a 30,145
Average date of flow reversal (+/-) Days n/a n/a 142 n/a 21-May
Land use and condition assessment
Total irrigated area '000ha 204 1,266 273 1,996 3,739
Total irrigated cropped area '000ha 332 1,422 563 4,312 6,629
Average area flooded: < 0.5m '000ha n/a n/a n/a n/a 0
Average area flooded: 0.5 - 1.0m '000ha n/a n/a n/a n/a 0
Average area flooded: 1.0 - 3.0m '000ha n/a n/a n/a n/a 0
Average area flooded: > 3.0m '000ha n/a n/a n/a n/a 0
Area lost to bank erosion Severity Midly positive 1 Midy positive 1 Neutral 0 Neutral 0 Neutral
Area affected by salinity of > 1.3gm/I '000ha 0 0 0 1,611 1,611
Water quality and geomorphology
Herbicide runoff tonnes / yr 1,463 11,761 908 22,828 36,959
Insecticide and fungicide runoff tonnes / yr 1,939 13,665 1,455 25,720 42,780
Nitrogen runoff from agriculture tonnes / yr 3,371 11,631 2,455 63,550 81,007
Phosphorus runoff from agriculture tonnes / yr 308 1,239 281 8,329 10,156
Nitrogen from waste water discharge tonnes / yr 8,629 13,977 6,633 9,896 39,135
Phosphorus from waste water discharge  tonnes /yr 2,589 4,193 1,990 2,969 11,740
BOD from waste water discharge tonnes / yr 32,358 52,414 24,872 37,110 146,755
Impact on water quality Severity Neutral 0 Neutral 0 Neutral 0 Neutral 0 Neutral 0
Change in sediment supply Severity Midy negative -1 Midly negative -1 Midly negative -1 Neutral 0 Midy negative -1
Induced geomorphological changes Severity Neutral 0 Neutral 0 Neutral 0 Neutral 0 Neutral 0
Production assessment
Hydropower generated GWh /yr 3,032 2,403 0 3,659 9,093
Reservoir fisheries Mtonne / yr 0 0 0 0 0
Flood damages USSM/ yr 28 27 8 9 72
Agricultural production: rice Mtonne / yr 1 4 2 18 25
Agricultural production: non-rice Mtonne / yr 0 1 0 2 8
Capture fisheries production Mtonne / yr 0 1 1 0 2
Aquaculture production Mtonne / yr 0 0 0 2 3
Environmental assessment
Total wetland area: flooded forest '000ha 0 0 0 0 0
Total wetland area: marshes '000ha 0 0 0 0 0
Total wetland area: inundated grassland  '000ha 0 0 0 0 0
Tonle Sap only: flooded forest '000ha 0 0 0 0 0
Tonle Sap only: marshes '000ha 0 0 0 0 0
Tonle Sap only: inundated grassland '000ha 0 0 0 0 0
Forest area in reservoir areas '000ha 14 14 1 2 31
Number of viable deep pools No. 20 17 5 5 47
Status of river channel habitats Severity Neutral 0 Neutral 0 Neutral 0 Neutral 0 Neutral 0
Flagship species Survival Suniing Suniing Suniing Suniving Suniing
Environmental hot spots Severity Neutral 0 Neutral 0 Neutral 0 Neutral 0 Neutral 0
Biodiversity condition Severity Neutral 0 Neutral 0 Neutal 0 Neutral 0 Neutral 0
Economic assessment (net economic values)
Irrigated agricultural production NPV US$M 0 0 0 0 0
Hydropower generated NPV US$M 2,293 491 0 1,712 4,496
Hydropower imported/exported NPV US$M 340 209 0 267 817
Navigation NPV US$M 0 182 0 0 182
Flood damage mitigation NPV US$M 0 0 0 0 0
Capture fisheries reduction NPV US$M 0 0 0 0 0
Reservoir fisheries NPV US$M 0 0 0 0 0
Aquaculture production NPV US$M 0 0 0 0 0
Forest area reduction NPV US$M 0 0 0 0 0
Recession rice NPV US$M 0 0 0 0 0
Wetland area reduction NPV US$M 0 0 0 0 0
Mitigation of salinity affected areas NPV US$M 0 0 0 0 0
Reduction in eco-hotspot/biodiversity NPV US$M 0 0 0 0 0
Total economic impacts NPV US$M 2,634 882 0 1,979 5,494
Social assessment
No. of people at risk of loss of livelihood 000 0 46 920 390 527
Severity of impact on livelihoods Severity Mildly negative -1 Midly negative -1 Midly negative -1 Midly negative -1 Midly negative -1
No. of people employed in:
Irrigated agriculture '000 79 227 77 35 418
Reservoir fisheries (incremental to BS) 000 0 0 0 0 0
Hydropower production '000 0 0 0 0 0
Aquaculture (incremental to BS) '000 0 0 0 0 0
Overall assessment
Overall environment impact Severity Neutral 0 Neutral 0 Neutral 0 Neutral 0 Neutral 0
Livelihoods Severity Midly negative -1 Midly negative -1 Midly negative -1 Midly negative -1 Mildly negative -1
Economic production NPV US$M 2,634 882 0 1,979 5,494
Other economic impacts NPV US$M 0 0 0 0 0
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Summary of scenario assessment .
. . Upper Mekong Dam Scenario
Incremental values relative to Baseline
Scenario run no. 2000
Assessment Lao PDR Thailand Cambodia Viet Nam Total
issue Unit Amount  Pecent Amount  Perent Amount Percent ~Amount  Percent  Amount  Percent
Hydrological assessment
Key hydrological parameters: Location Vientiane Mudakhan Kratie Tan Chau Average
Monthly average dry season flow (March) m3/s 774 70% 778 54% 780 35% 659 21% 748 38%
Average peak daily flow in wet season m3/s -2,090 -13% -1,621 -6% -1,091 -2% -348 -2% -1,288 -5%
Flow reversal in Tonle Sap: Location Prek Kdam TLS only
Average flow volume entering Tonle Sap MCM n/a n/a -2,113 -1% n/a -2,113 7%
Average date of flow reversal (+/-) Days n/a n/a -3 -2% n/a -3 2%
Land use and condition assessment
Total irrigated area '000ha 0 0% 0 0% 0 0% 0 0% 0 0%
Total irrigated cropped area '000ha 0 0% 0 0% 0 0% 0 0% 0 0%
Average area flooded: < 0.5m '000ha n/a n/a n/a n/a 0 0%
Average area flooded: 0.5 - 1.0m '000ha n/a n/a n/a n/a 0 0%
Average area flooded: 1.0 - 3.0m '000ha n/a n/a n/a n/a 0 0%
Average area flooded: > 3.0m '000ha n/a n/a n/a n/a 0 0%
Area lost to bank erosion Severity Midly posiive 1 Midly postive 1 Neutral 0 Neutral 0 Neutral 1
Area affected by salinity of > 1.3gm/I '000ha 0 0% 0 0% 0 0% -240 -13% -240 -13%
Water quality and geomorphology
Herbicide runoff tonnes / yr 0 0% 0 0% 0 0% 0 0% 0 0%
Insecticide and fungicide runoff tonnes / yr 0 0% 0 0% 0 0% 0 0% 0 0%
Nitrogen runoff from agriculture tonnes / yr 0 0% 0 0% 0 0% 0 0% 0 0%
Phosphorus runoff from agriculture tonnes / yr 0 0% 0 0% 0 0% 0 0% 0 0%
Nitrogen from waste water discharge tonnes / yr 0 0% 0 0% 0 0% 0 0% 0 0%
Phosphorus from waste water discharge tonnes/yr 0 0% 0 0% 0 0% 0 0% 0 0%
BOD from waste water discharge tonnes / yr 0 0% 0 0% 0 0% 0 0% 0 0%
Impact on water quality Severity Neutral 0 Neutral 0 Neutral 0 Neutral 0 Neutral 0
Change in sediment supply Severity Midly negative -1 Wiy negative -1 Midly negative -1 Neutral 0 Midly negative -1
Induced geomorphological changes Severity Neutral 0 Neutral 0 Neutral 0 Neutral 0 Neutral 0
Production assessment
Hydropower generated GWh /yr 0 0% 0 0% 0 0% 0 0% 0 0%
Reservoir fisheries Mtonne / yr 0 0% 0 0% 0 0% 0 0% 0 0%
Flood damages USSM/ yr -42 -60% -40 -60% -18 -70% -47 -83% -147 -67%
Agricultural production: rice Mtonne / yr 0 0% 0 0% 0 0% 0 0% 0 0%
Agricultural production: non-rice Mtonne / yr 0 0% 0 0% 0 0% 0 0% 0 0%
Capture fisheries production Mtonne / yr -0 -4% 0 0% 0 0% -0 -9% -0 2%
Aquaculture production Mtonne / yr 0 92% 0 81% 0 32% 1 50% 1 52%
Environmental assessment
Total wetland area: flooded forest '000ha n/a n/a n/a n/a 0 0%
Total wetland area: marshes '000ha n/a n/a n/a n/a 0 0%
Total wetland area: inundated grassland  '000ha n/a n/a n/a n/a 0 0%
Tonle Sap only: flooded forest '000ha n/a n/a n/a n/a 0 0%
Tonle Sap only: marshes '000ha n/a n/a n/a n/a 0 0%
Tonle Sap only: inundated grassland '000ha n/a n/a n/a n/a 0 0%
Forest area in reservoir areas '000ha n/a n/a n/a n/a 0 0%
Number of viable deep pools No. 0 0% 0 0% 0 0% 0 0% 0 0%
Status of river channel habitats Severity Neutral 0 Neutral ] Neutral 0 Neutral 0 Neutral 0
Flagship species Survival n/a n/a n/a n/a n/a
Environmental hot spots Severity Neutral 0 Neutral 0 Neutral 0 Neutral 0 Neutral 0
Biodiversity condition Severity Neutral 0 Neutral 0 Neutral 0 Neutral 0 Neutral 0
Economic assessment (net economic values)
Irrigated agricultural production NPV US$M 0 0% 0 0% 0 0% 0 0% 0 0%
Hydropower generated NPV US$M 0 0% 0 0% 0 0% 0 0% 0 0%
Hydropower imported/exported NPV US$M 0 0% 0 0% 0 0% 0 0% 0 0%
Navigation NPV US$M 0 0% -0 0% 0 0% 0 0% -0 0%
Flood damage mitigation NPV US$M 0 0% 0 0% 0 0% 0 0% 0 0%
Capture fisheries reduction NPV US$M 0 0% 0 0% 0 0% 0 0% 0 0%
Reservoir fisheries NPV US$M 0 0% 0 0% 0 0% 0 0% 0 0%
Aquaculture production NPV US$M 0 0% 0 0% 0 0% 0 0% 0 0%
Forest area reduction NPV US$M 0 0% 0 0% 0 0% 0 0% 0 0%
Recession rice NPV US$M 0 0% 0 0% 0 0% 0 0% 0 0%
Wetland area reduction NPV US$M 0 0% 0 0% 0 0% 0 0% 0 0%
Mitigation of salinity affected areas NPV US$M 0 0% 0 0% 0 0% 0 0% 0 0%
Reduction in eco-hotspot/biodiversity NPV US$M 0 0% 0 0% 0 0% 0 0% 0 0%
Total economic impacts NPV US$M 0 0% -0 0% 0 0% 0 0% -0 0%
Social assessment
No. of people at risk of loss of livelihood 000 0 0% 46 0% 90 0% 390 0% 527 0%
Severity of impact on livelihoods Severity Midy negaiive 1 Midy negative 1 Midy negaiive 1 Midy negaive 1 (D 1
No. of people employed in:
Irrigated agriculture '000 0 0% 0 0% 0 0% 0 0% 0 0%
Reservoir fisheries (incremental to BS) 000 0 0% 0 0% 0 0% 0 0% 0 0%
Hydropower production '000 0 0% 0 0% 0 0% 0 0% 0 0%
Aquaculture (incremental to BS) '000 0 0% 0 0% 0 0% 0 0% 0 0%
Overall assessment
Overall environment impact Severity Neutral 0 Neutral 0 Neutral 0 Neutral 0 Neutral 0
Livelihoods Severity Mildy negative -1 Midly negative -1 My negative -1 Midy negative -1 Midly negative -1
Economic production NPV USSM 0 0% -0 0% 0 0% 0 0% -0 0%
Other economic impacts NPV USSM 0 0% 0 0% 0 0% 0 0% 0 0%
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Definite Future Scenario
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L Hydropower and storage Water
Irrigation areas
dams supply
Wet Dry Installed Live Domestic &
No. N . X
season  season capacity ~ storage industrial
Mha Mha GW BCM BCM pa.
Lao PDR 0.17 0.10 20 3.50 17.17 0.22
Thailand 1.35 0.15 7 0.74 3.57 3.57
Cambodia 0.27 0.26 1 0.00 0.00 0.46
Viet Nam - Highland 0.14 0.08 13 2.28 2.62 0.07
Viet Nam - Delta 153 0.66 - - - 0.54
Mainstream - - 0 0.00 0.00 -
Total LMB 3.46 1.25 41 6.53 23.35 2.83
UMB - - 6 15.45 23.19 -
Basin total 3.46 1.25 47 21.98 46.55 2.83
Scenario run no.: 3000
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Source: BDP2 scenario datasets, April 2010
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Scenario assessment results

. Definite Future Scenario
Estimated total values

Scenario run no. 3000

Assessment Lao PDR Thailand Cambodia Viet Nam Total
issue Unit Amount Amount Amount Amount Amount
Hydrological assessment
Key hydrological parameters: Location Vientiane Mudakhan Kratie Tan Chau Average
Monthly average dry season flow (March) m3/s 1,860 2,372 3,069 3,898 2,800
Average peak daily flow in wet season mals 13,813 24,032 45,123 20,830 25,949
Flow reversal in Tonle Sap: Location Prek Kdam TLS only
Average flow volume entering Tonle Sap MCM n/a n/a 29,740 n/a 29,740
Average date of flow reversal (+/-) Days n/a n/a 142 n/a 21-May

Land use and condition assessment

Total irrigated area '000ha 166 1,355 273 1,670 3,465

Total irrigated cropped area '000ha 271 1,756 563 4,218 6,807
Average area flooded: < 0.5m '000ha 23 23 217 408 670
Average area flooded: 0.5 - 1.0m '000ha 20 22 208 713 962
Average area flooded: 1.0 - 3.0m '000ha 72 79 676 667 1,495
Average area flooded: > 3.0m '000ha 227 176 977 3 1,383

Area lost to bank erosion Severity Midy positive 1 Midly postive 1 Neutral 0 Neutral 0 Neutral

Area affected by salinity of > 1.3gm/| '000ha 0 0 0 1,579 1,579

Water quality and geomorphology

Herbicide runoff tonnes / yr 1,463 11,761 908 22,828 36,959
Insecticide and fungicide runoff tonnes / yr 1,939 13,665 1,455 25,720 42,780
Nitrogen runoff from agriculture tonnes / yr 3,371 11,631 2,455 63,550 81,007
Phosphorus runoff from agriculture tonnes / yr 308 1,239 281 8,329 10,156
Nitrogen from waste water discharge tonnes / yr 8,629 13,977 6,633 9,896 39,135
Phosphorus from waste water discharge  tonnes/yr 2,589 4,193 1,990 2,969 11,740

BOD from waste water discharge tonnes / yr 32,358 52,414 24,872 37,110 146,755

Impact on water quality Severity Midly posiive 1 Midl posiive 1 Midly posiive 1 Midly posiive 1 Midly posiive 1
Change in sediment supply Severity Negative -2 Negative -2 Midly negative -1 Neutral 0 Negative -1
Induced geomorphological changes Severity Midly negative -1 Mildy negative -1 Neutral 0 Neutral 0 Midly negative =il

Production assessment

Hydropower generated GWh/yr 16,403 12,179 2,335 13,594 44,510
Reservoir fisheries Mtonne / yr 0 0 0 0 0
Flood damages US$M /yr 28 27 8 9 72
Agricultural production: rice Mtonne / yr 1 4 2 18 25
Agricultural production: non-rice Mtonne / yr 0 1 0 2 3
Capture fisheries production Mtonne / yr 0 1 1 0 2
Aquaculture production Mtonne / yr 0 0 0 2 3

Environmental assessment

Total wetland area: flooded forest '000ha 0 0 450 46 496
Total wetland area: marshes '000ha 6 10 506 0 523
Total wetland area: inundated grassland  '000ha 6 42 311 55 413
Tonle Sap only: flooded forest '000ha 0 0 450 0 450
Tonle Sap only: marshes '000ha 0 0 307 0 307
Tonle Sap only: inundated grassland '000ha 0 0 271 0 271
Forest area in reservoir areas '000ha 38 14 2 5 60
Number of viable deep pools No. 20 17 5 5 47
Status of river channel habitats Severity Midly negative -1 Mildly negative -1 Neutral 0 Neutral 0 Midly negative -1
Flagship species Survival Suviving Sunviving Sunviving Sunviving Sunviving
Environmental hot spots Severity Neutral 0 Negative -1 Midly negative -1 Neutral 0 Mildly negative -0
Biodiversity condition Severity Midly negative -1 Mildly negative -1 Mildly negative -1 Mildly negative -1 Midly negative -1
Economic assessment (net economic values)
Irrigated agricultural production NPV US$M 0 0 0 0 0
Hydropower generated NPV US$M 7,686 591 748 3,821 12,845
Hydropower imported/exported NPV US$M 1,567 1,060 457 874 3,958
Navigation NPV US$M 0 246 0 0 246
Flood damage mitigation NPV US$M 179 172 51 60 462
Capture fisheries reduction NPV US$M -228 -188 -324 -207 -946
Reservoir fisheries NPV US$M 74 0 3 13 91
Aquaculture production NPV US$M 126 174 88 741 1,129
Forest area reduction NPV US$M -130 0 -6 -17 -153
Recession rice NPV USSM -19 -10 -106 -9 -144
Wetland area reduction NPV US$M -27 -47 -153 -1 -228
Mitigation of salinity affected areas NPV US$M 0 0 0 20 20
Reduction in eco-hotspot/biodiversity NPV US$M 0 -20 -65 0 -85
Total economic impacts NPV US$M 9,229 1,977 693 5,296 17,195
Social assessment
No. of people at risk of loss of livelihood 000 297 46 102 442 887
Severity of impact on livelihoods Severity Negative -2 Midy negative -1 Midy negative -1 Midy negative -1 Negative L
No. of people employed in:
Irrigated agriculture '000 79 227 77 35 418
Reservoir fisheries (incremental to BS)  '000 12 0 1 2 15
Hydropower production '000 52 5 15 31 104
Aquaculture (incremental to BS) '000 28 39 20 164 251
Overall assessment
Overall environment impact Severity Midly negative -1 Midly negative -1 Mid negative -1 Midl negative -1 Midly negative -1
Livelihoods Severity Negative 2 Midy negative -1 Midly negative -1 Midy negative -1 Negative -1
Economic production NPV USSM 9,453 2,071 1,297 5,449 18,270
Other economic impacts NPV USSM -224 -93 -603 -154 -1,075
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Summary of scenario assessment - .
. . Definite Future Scenario
Incremental values relative to Baseline
Scenario run no. 3000
Assessment Lao PDR Thailand Cambodia Viet Nam Total
issue Unit Amount  Percent  Amount  Percent Amount  Percent Amount  Percent Amount  Percent
Hydrological assessment
Key hydrological parameters: Location Vientiane Mudakhan Kratie Tan Chau Average
Monthly average dry season flow (March) m3/s 760 69% 920 63% 871 40% 826 27% 844 43%
Average peak daily flow in wet season ma/fs -2,108 -13% -1,469 -6% -1,640 -4% -480 -2% -1,424 -5%
Flow reversal in Tonle Sap: Location Prek Kdam TLS only
Average flow volume entering Tonle Sap MCM n/a n/a -2,518 -8% n/a -2,518 -8%
Average date of flow reversal (+/-) Days n/a n/a -3 -2% n/a -3 -2%
Land use and condition assessment
Total irrigated area '000ha -38 -18% 89 7% 0 0% -326 -16% -275 1%
Total irrigated cropped area '000ha -61 -18% 334 23% 0 0% -94 -2% 179 3%
Average area flooded: < 0.5m '000ha -1 -6% -0 -1% 32 17% 74 22% 104 18%
Average area flooded: 0.5 - 1.0m '000ha -5 -20% -2 -9% -23 -10% 45 % 14 1%
Average area flooded: 1.0 - 3.0m '000ha -12 -14% -10 -11% -36 -5% -127 -16% -186 -11%
Average area flooded: > 3.0m '000ha -46 -17% -56 -24% =77 -7% -2 -38% -181 -12%
Area lost to bank erosion Severity Mikdy positive 1 Midly posiive 1 Neutral 0 Neutral 0 Neutral 1
Area affected by salinity of > 1.3gm/I '000ha 0 0% 0 0% 0 0% =272 -15% =272 -15%
Water quality and geomorphology
Herbicide runoff tonnes / yr 0 0% 0 0% 0 0% 0 0% 0 0%
Insecticide and fungicide runoff tonnes / yr 0 0% 0 0% 0 0% 0 0% 0 0%
Nitrogen runoff from agriculture tonnes / yr 0 0% 0 0% 0 0% 0 0% 0 0%
Phosphorus runoff from agriculture tonnes / yr 0 0% 0 0% 0 0% 0 0% 0 0%
Nitrogen from waste water discharge tonnes / yr 0 0% 0 0% 0 0% 0 0% 0 0%
Phosphorus from waste water discharge tonnes/yr 0 0% 0 0% 0 0% 0 0% 0 0%
BOD from waste water discharge tonnes / yr 0 0% 0 0% 0 0% 0 0% 0 0%
Impact on water quality Severity Midly posiive 1 Midly posiive 1 Midly postive 1 Midy positive 1 Midly posiive 1
Change in sediment supply Severity Negative -2 Negative -2 Wiy negative -1 Neutral 0 Negative <l
Induced geomorphological changes Severity Midly negative -1 Mikdy negative -1 Neutral 0 Neutral 0 Midly negative -1
Production assessment
Hydropower generated GWh /yr 13,371 441% 9,776 407% 2,335 0% 9,935 272% 35,417 389%
Reservoir fisheries Mtonne / yr 0 19% 0 0% 0 2% 0 7% 0 7%
Flood damages US$M / yr -42 -60% -40 -60% -18 -70% -47 -83% -147 -67%
Agricultural production: rice Mtonne / yr 0 0% 0 0% 0 0% 0 0% 0 0%
Agricultural production: non-rice Mtonne / yr 0 0% 0 0% 0 0% 0 0% 0 0%
Capture fisheries production Mtonne / yr -0 -15% -0 -3% -0 -7% -0 -9% -0 7%
Aquaculture production Mtonne / yr 0 92% 0 81% 0 32% 1 50% 1 52%
Environmental assessment
Total wetland area: flooded forest '000ha 0 0% 0 0% -2 0% -0 0% -2 0%
Total wetland area: marshes '000ha -2 -21% -2 -15% -12 -2% -0 0% -15 -3%
Total wetland area: inundated grassland  '000ha -3 -36% -7 -15% -7 -2% 0 0% -18 -4%
Tonle Sap only: flooded forest '000ha 0 0% 0 0% -2 0% 0 0% -2 0%
Tonle Sap only: marshes '000ha 0 0% 0 0% -2 -1% 0 0% -2 -1%
Tonle Sap only: inundated grassland '000ha 0 0% 0 0% -5 -2% 0 0% -5 -2%
Forest area in reservoir areas '000ha 25 182% 0 0% 1 92% 3 162% 29 95%
Number of viable deep pools No. 0 0% 0 0% 0 0% 0 0% 0 0%
Status of river channel habitats Severity Midy negative -1 Midly negative -1 Neutral 0 Neutral 0 Midly negative -1
Flagship species Survival n/a n/a n/a n/a n/a
Environmental hot spots Severity Neutral 0 Negative -1 Midly negative -1 Neutral 0 Midly negative -0
Biodiversity condition Severity Mildly negative -1 Midly negative -1 Midly negative -1 Mildly negative -1 Midly negative -1
Economic assessment (net economic values)
Irrigated agricultural production NPV US$M 0 0% 0 0% 0 0% 0 0% 0 0%
Hydropower generated NPV US$M 5,393 235% 100 20% 748 0% 2,109 123% 8,350 186%
Hydropower imported/exported NPV US$M 1,227 360% 851 407% 457 0% 607 227% 3,142 385%
Navigation NPV US$M 0 0% 64 35% 0 0% 0 0% 64 35%
Flood damage mitigation NPV US$M 179 0% 172 0% 51 0% 60 0% 462 0%
Capture fisheries reduction NPV US$M -228 0% -188 0% -324 0% -207 0% -946 0%
Reservoir fisheries NPV US$M 74 0% 0 0% 3 0% 13 0% 91 0%
Agquaculture production NPV US$M 126 0% 174 0% 88 0% 741 0% 1,129 0%
Forest area reduction NPV US$M -130 0% 0 0% -6 0% -17 0% -153 0%
Recession rice NPV USSM -19 0% -10 0% -106 0% -9 0% -144 0%
Wetland area reduction NPV US$M -27 0% -47 0% -153 0% -1 0% -228 0%
Mitigation of salinity affected areas NPV US$M 0 0% 0 0% 0 0% 20 0% 20 0%
Reduction in eco-hotspot/biodiversity NPV US$M 0 0% -20 0% -65 0% 0 0% -85 0%
Total economic impacts NPV US$M 6,595 250% 1,095 124% 693 0% 3,317 168% 11,700 213%
Social assessment
No. of people at risk of loss of livelihood 000 297 0% 46 0% 102 0% 442 0% 887 0%
Severity of impact on livelihoods Severity Negative -2 Midy negative -1 Midly negative -1 Midly negative -1 Negative -1
No. of people employed in:
Irrigated agriculture '000 0 0% 0 0% 0 0% 0 0% 0 0%
Reservoir fisheries (incremental to BS)  '000 12 0% 0 0% 1 0% 2 0% 15 0%
Hydropower production '000 52 0% 5 0% 15 0% 31 0% 104 0%
Aquaculture (incremental to BS) '000 28 0% 39 0% 20 0% 164 0% 251 0%
Overall assessment
Overall environment impact Severity Midy negative -1 Midly negative -1 Midly negative -1 Vil negative -1 Midly negative -1
Livelihoods Severity Negative -2 Mikdy negative E Midly negative -1 Midy negatve -1 Negative 1
Economic production NPV US$M 6,819 259% 1,189 135% 1,297 0% 3,471 175% 12,775 233%
Other economic impacts NPV USSM -224 0% -93 0% -603 0% -154 0% -1,075 0%
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—~ LMB 20-Year Plan Scenario

\ L - Hydropower and storage Water
5 Irrigation areas
=ik ¥ 1 dams supply
W Wet Dry Installed Live Domestic &
% No. - A .
N W season  season capacity ~ storage industrial
'nj_ \ I Mha Mha GW BCM BCM pa.
Lao PDR 0.45 0.33 47 7.92 36.97 0.44
% ; Thailand 264 043 7 074 357 3.57
\ Cambodia 0.46 0.38 2 0.48 0.38 0.88
Viet Nam - Highland 0.27 0.08 15 2.58 3.16 0.14
\ Viet Nam - Delta 1.53 0.66 - - - 1.10
Mainstream - - 11 14.70 5.23 -

rd

Total LMB 5.34 1.88 82 2642 49.30 4.38
UMB = = 6 15.45 23.19 =

N 7] Basin total 5.34 1.88 88  41.87  72.49 4.38
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Source: BDP2 scenario datasets, April 2010
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LMB 20-Year Plan Scenario

Scenario run no. 4000

Assessment Lao PDR Thailand Cambodia Viet Nam Total
issue Unit Amount Amount Amount Amount Amount
Hydrological assessment
Key hydrological parameters: Location Vientiane Mudakhan Kratie Tan Chau Average
Monthly average dry season flow (March) m3/s 2,218 2,698 3,546 4,179 3,160
Average peak daily flow in wet season m3/s 13,540 23,417 43,307 20,455 25,180
Flow reversal in Tonle Sap: Location Prek Kdam TLS only
Average flow volume entering Tonle Sap MCM n/a n/a 27,993 n/a 27,993
Average date of flow reversal (+/-) Days n/a n/a 137 n/a 16-May
Land use and condition assessment
Total irrigated area '000ha 450 2,635 457 1,795 5,337
Total irrigated cropped area '000ha 820 3,624 877 4,404 9,725
Average area flooded: < 0.5m '000ha 21 23 221 432 697
Average area flooded: 0.5 - 1.0m '000ha 19 22 211 717 969
Average area flooded: 1.0 - 3.0m '000ha 70 77 666 634 1,448
Average area flooded: > 3.0m '000ha 219 167 943 3 1,331
Area lost to bank erosion Severity Nidly negative 1 Mildly negative -1 Mildly negative -1 Neutral 0 Neutral
Area affected by salinity of > 1.3gm/I '000ha 0 0 0 1,543 1,543
Water quality and geomorphology
Herbicide runoff tonnes / yr 6,721 29,874 3,483 26,352 66,430
Insecticide and fungicide runoff tonnes / yr 6,723 31,752 3,192 27,098 68,765
Nitrogen runoff from agriculture tonnes / yr 18,039 51,700 9,377 71,019 150,135
Phosphorus runoff from agriculture tonnes / yr 1,954 6,487 1,219 10,683 20,344
Nitrogen from waste water discharge tonnes / yr 13,209 14,974 9,396 14,435 52,014
Phosphorus from waste water discharge tonnes/yr 3,963 4,492 2,819 4,330 15,604
BOD from waste water discharge tonnes / yr 49,534 56,152 24,872 54,130 184,689
Impact on water quality Severity Negative -2 Midy negative -1 Negative -2 Midy negative -1 Weika -2
Change in sediment supply Severity Negative -2 Negative -2 Negative -2 Negative -2 Negative -2
Induced geomorphological changes Severity Negative -2 Negative -2 Midly negative -1 Neutral 0 Negative -1
Production assessment
Hydropower generated GWh/yr 84,416 60,694 23,061 35,058 203,229
Reservoir fisheries Mtonne / yr 0 0 0 0 0
Flood damages USSM/ yr 31 30 12 16 88
Agricultural production: rice Mtonne / yr 4 13 5 25 48
Agricultural production: non-rice Mtonne / yr 0 4 0 3 8
Capture fisheries production Mtonne / yr 0 1 0 0 2
Aquaculture production Mtonne / yr 0 0 0 3 4
Environmental assessment
Total wetland area: flooded forest '000ha 0 0 448 46 494
Total wetland area: marshes '000ha 6 10 501 0 517
Total wetland area: inundated grassland  '000ha 5 41 307 55 408
Tonle Sap only: flooded forest '000ha 0 0 448 0 448
Tonle Sap only: marshes '000ha 0 0 307 0 307
Tonle Sap only: inundated grassland '000ha 0 0 269 0 269
Forest area in reservoir areas '000ha 94 14 43 7 158
Number of viable deep pools No. 12 7 3 5 27
Status of river channel habitats Severity Negative -2 Negative -2 Mildly negative -1 Mildly negative -1 Negative -2
Flagship species Survival Extinct Extinct Sunviving Surviving Extinct
Environmental hot SpOtS Sevemy Extremely negative -3 Severely negative -3 Extremely negative -3 Neutral 0 Severely negative -2
Biodiversity condition Severity Severely negative -3 Severely negative -3 Severely negative -3 Midly negative -1 Severely negative -3
Economic assessment (net economic values)
Irrigated agricultural production NPV US$M 322 885 344 108 1,659
Hydropower generated NPV US$M 14,585 964 1,315 4,659 21,523
Hydropower imported/exported NPV US$M 10,407 3,108 2,031 1,066 16,612
Navigation NPV US$M 0 246 0 0 246
Flood damage mitigation NPV US$M 130 130 50 67 377
Capture fisheries reduction NPV US$M -174 -162 -1,139 -461 -1,936
Reservoir fisheries NPV US$M 135 0 70 11 215
Aquaculture production NPV US$M 168 235 174 684 1,261
Forest area reduction NPV US$M -236 0 -122 -14 =372
Recession rice NPV US$M -21 -22 -122 -13 -178
Wetland area reduction NPV US$M -18 -34 -169 -4 -225
Mitigation of salinity affected areas NPV US$M 0 0 0 27 27
Reduction in eco-hotspot/biodiversity NPV US$M =75 -60 -195 0 -330
Total economic impacts NPV US$M 25,222 5,292 2,237 6,129 38,880
Social assessment
No. of people at risk of loss of livelihood 000 907 516 1,212 1,725 4,360
Severity of impact on livelihoods Severity Severely negative -3 Severely negative -3 Extremely negative -4 Negative -2 Severely negative Es
No. of people employed in:
Irrigated agriculture '000 150 346 84 49 629
Reservoir fisheries (incremental to BS) 000 40 0 21 3 64
Hydropower production '000 382 38 163 29 612
Aquaculture (incremental to BS) '000 55 7 57 164 352
Overall assessment
Overall environment impact Severity Severely negatie -3 Severely negatie -3 Severely negatie -3 Midy negative -1 Sereiscante -3
Livelihoods Severity Severely negative -3 Severely negative -3 Extremely negative -4 Negative -2 Severely negative -3
Economic production NPV US$M 25,617 5,439 3,934 6,527 41,517
Other economic impacts NPV US$M -395 -147 -1,697 -398 -2,637
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Summary of scenario assessment

. . LMB 20-Year Plan Scenario
Incremental values relative to Baseline

Scenario run no. 4000

Assessment Lao PDR Thailand Cambodia Viet Nam Total
issue Unit Amount  Percent  Amount  Percent Amount  Percent Amount  Percent  Amount Percent
Hydrological assessment

Key hydrological parameters: Location Vientiane Mudakhan Kratie Tan Chau Average
Monthly average dry season flow (March) m3/s 1,118 102% 1,246 86% 1,348 61% 1,107 36% 1,205 62%
Average peak daily flow in wet season m3/s -2,381 -15% -2,084 -8% -3,456 7% -855 -4% -2,194 -8%
Flow reversal in Tonle Sap: Location Prek Kdam TLS only
Average flow volume entering Tonle Sap MCM n/a n/a -4,265 -13% n/a -4,265 -13%
Average date of flow reversal (+/-) Days n/a n/a -8 5% n/a -8 -5%

Land use and condition assessment

Total irrigated area ‘000ha 245 120% 1,370 108% 183 67% -201 -10% 1,597 43%
Total irrigated cropped area '000ha 488 147% 2,202 155% 314 56% 93 2% 3,096 47%
Average area flooded: < 0.5m '000ha -3 -12% -1 -3% 36 19% 98 29% 130 23%
Average area flooded: 0.5 - 1.0m '000ha -5 -21% -2 -9% -20 -9% 48 % 21 2%
Average area flooded: 1.0 - 3.0m '000ha -14 -16% -13 -14% -46 -6% -160 -20% -232 -14%
Average area flooded: > 3.0m '000ha -53 -20% -65 -28% -112 -11% -2 -45% -233 -15%
Area lost to bank erosion Severity Midly negative -1 Midly negative -1 Mildly negative -1 Neutral 0 Mildly negative -1

Area affected by salinity of > 1.3gm/I '000ha 0 0% 0 0% 0 0% -309 -17% -309 -17%

Water quality and geomorphology

Herbicide runoff tonnes / yr 5,258 359% 18,113 154% 2,575 284% 3,524 15% 29,470 80%
Insecticide and fungicide runoff tonnes / yr 4,783 247% 18,087 132% 1,737 119% 1,378 5% 25,985 61%
Nitrogen runoff from agriculture tonnes / yr 14,668 435% 40,070 345% 6,922 282% 7,469 12% 69,128 85%
Phosphorus runoff from agriculture tonnes / yr 1,647 535% 5,248 424% 938 334% 2,354 28% 10,187 100%
Nitrogen from waste water discharge tonnes / yr 4,580 53% 997 % 2,763 42% 4,539 46% 12,879 33%
Phosphorus from waste water discharge  tonnes /yr 1,374 53% 299 7% 829 42% 1,362 46% 3,864 33%
BOD from waste water discharge tonnes / yr 17,175 53% 3,738 7% 0 0% 17,020 46% 37,934 26%
Impact on water quality Severity Negative 2 Midly negative -1 Negetive 2 Midy negative -1 Negatie 2

Change in sediment supply Severity Negative -2 Negative -2 Negatie -2 Negative -2 Negative 2

Induced geomorphological changes Severity Negative -2 Negative -2 Midy negative -1 Neutral 0 Negative 1

Production assessment

Hydropower generated GWh/yr 81,384 2684% 58,291 2426% 23,061 0% 31,399 858% 194,136 2135%
Reservoir fisheries Mtonne / yr 0 63% 0 0% 0 81% 0 11% 0 29%
Flood damages USSM /yr -39 -56% -37 -55% -15 -56% -40 -72% -131 -60%
Agricultural production: rice Mtonne / yr 3 370% 9 220% 3 176% 7 42% 23 92%
Agricultural production: non-rice Mtonne / yr 0 744% 3 226% 0 140% 1 56% 4 132%
Capture fisheries production Mtonne / yr -0 -21% -0 -5% -0 -44% -0 -37% -1 -25%
Aquaculture production Mtonne / yr 0 161% 0 158% 0 91% 2 100% 2 105%

Environmental assessment

Total wetland area: flooded forest '000ha 0 0% 0 0% -4 -1% -0 0% -4 -1%
Total wetland area: marshes '000ha -2 -24% -2 -19% -17 3% -0 0% -21 -4%
Total wetland area: inundated grassland  '000ha -4 -44% -9 -18% -10 -3% -0 0% -23 -5%
Tonle Sap only: flooded forest '000ha 0 0% 0 0% -4 -1% 0 0% -4 -1%
Tonle Sap only: marshes '000ha 0 0% 0 0% -3 -1% 0 0% -3 -1%
Tonle Sap only: inundated grassland '000ha 0 0% 0 0% -8 -3% 0 0% -8 -3%
Forest area in reservoir areas '000ha 81 595% 0 0% 42 3346% 5 236% 127 416%
Number of viable deep pools No. -8 -40% -10 -59% -2 -40% 0 0% -20 -43%
Status of river channel habitats Severity Negative -2 Negative -2 Midy negative -1 Midly negative -1 Negative: 2
Flagship species Survival n/a n/a n/a n/a n/a
Environmental hot spots Severity Extremely negative -3 Severely negative -3 Edromely negative -3 Neutal 0 Severely negalive -2
Biodiversity condition Severity Severely negative -3 Severely negative -3 Soverelynegatve -3 Midy negative -1 Severely negalive -3

Economic assessment (net economic values)

Irrigated agricultural production NPV US$M 322 0% 885 0% 344 0% 108 0% 1,659 0%
Hydropower generated NPV US$M 12,292 536% 473 96% 1,315 0% 2,948 172% 17,028 379%
Hydropower imported/exported NPV US$M 10,066 2957% 2,899  1386% 2,031 0% 799 299% 15,796 1934%
Navigation NPV US$M 0 0% 64 35% 0 0% 0 0% 64 35%
Flood damage mitigation NPV US$M 130 0% 130 0% 50 0% 67 0% 377 0%
Capture fisheries reduction NPV US$M -174 0% -162 0% -1,139 0% -461 0% -1,936 0%
Reservoir fisheries NPV US$M 135 0% 0 0% 70 0% 11 0% 215 0%
Aquaculture production NPV US$M 168 0% 235 0% 174 0% 684 0% 1,261 0%
Forest area reduction NPV US$M -236 0% 0 0% -122 0% -14 0% -372 0%
Recession rice NPV US$M 21 0% -22 0% -122 0% -13 0% -178 0%
Wetland area reduction NPV US$M -18 0% -34 0% -169 0% -4 0% -225 0%
Mitigation of salinity affected areas NPV US$M 0 0% 0 0% 0 0% 27 0% 27 0%
Reduction in eco-hotspot/biodiversity NPV US$M -75 0% -60 0% -195 0% 0 0% -330 0%
Total economic impacts NPV US$M 22,588 858% 4,410 500% 2,237 0% 4,151 210% 33,386 608%

Social assessment

No. of people at risk of loss of livelihood ‘000 907 0% 516 0% 1,212 0% 1,725 0% 4,360 0%
Severity of impact on livelihoods Severity Severely negative -3 Severely negative -3 Extremely negative -4 Negative -2 Severely negative -3
No. of people employed in:
Irrigated agriculture '000 72 91% 119 53% 6 8% 14 41% 212 51%
Reservoir fisheries (incremental to BS) 000 40 0% 0 0% 21 0% 3 0% 64 0%
Hydropower production '000 382 0% 38 0% 163 0% 29 0% 612 0%
Aquaculture (incremental to BS) '000 55 0% 77 0% 57 0% 164 0% 352 0%
Overall assessment
Overall environment impact Severity Severely negative -3 Severely negative -3 Severely negative -3 Midly negative -1 Severely negative -3
Livelihoods Severity Severely negative -3 Severely negative -3 Extremely negative -4 Negative -2 Severely negative -3
Economic production NPV US$M 22,983 873% 4,557 517% 3,934 0% 4,549 230% 36,023 656%
Other economic impacts NPV USSM -395 0% -147 0% -1,697 0% -398 0% -2,637 0%
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Summary of scenario assessment

. . . LMB 20-Year Plan Scenario
Incremental values relative to Definite Future Scenario

Scenario run no. 4000

Assessment Lao PDR Thailand Cambodia Viet Nam Total
issue Unit Amount  Percet  Amount  Percent Amount Percent Amount  Percent Amount Percent
Hydrological assessment

Key hydrological parameters: Location Vientiane Mudakhan Kratie Tan Chau Average
Monthly average dry season flow (March) m3/s 358 19% 326 14% 477 16% 281 7% 361 13%
Average peak daily flow in wet season ma/s -273 -2% -615 -3% -1,816 -4% -374 -2% -770 -3%
Flow reversal in Tonle Sap: Location Prek Kdam TLS only
Average flow volume entering Tonle Sap MCM n/a n/a -1,747 -6% n/a -1,747
Average date of flow reversal (+/-) Days n/a n/a -5 -3% n/a &3

Land use and condition assessment

Total irrigated area '000ha 283 170% 1,281 95% 183 67% 125 7% 1,872 54%
Total irrigated cropped area '000ha 549 203% 1,868 106% 314 56% 186 4% 2,918 43%
Average area flooded: < 0.5m '000ha -1 -6% -0 -2% 4 2% 24 6% 26 4%
Average area flooded: 0.5 - 1.0m '000ha -0 -1% 0 0% 3 2% 4 1% 7 1%
Average area flooded: 1.0 - 3.0m '000ha -2 -3% -3 -3% -9 -1% -33 -5% -46 -3%
Average area flooded: > 3.0m '000ha -8 -3% -9 -5% -35 -4% -0 -11% -52 -4%
Area lost to bank erosion Severity Negative: -2 Negative -2 Midly negative -1 Neutrel 0 Negative -1

Area affected by salinity of > 1.3gm/| '000ha 0 0% 0 0% 0 0% -37 -2% -37 -2%

Water quality and geomorphology

Herbicide runoff tonnes / yr 5,258 359% 18,113 154% 2,575 284% 3,524 15% 29,470 80%
Insecticide and fungicide runoff tonnes / yr 4,783 247% 18,087 132% 1,737 119% 1,378 5% 25,985 61%
Nitrogen runoff from agriculture tonnes / yr 14,668 435% 40,070 345% 6,922 282% 7,469 12% 69,128 85%
Phosphorus runoff from agriculture tonnes / yr 1,647 535% 5,248 424% 938 334% 2,354 28% 10,187 100%
Nitrogen from waste water discharge tonnes / yr 4,580 53% 997 % 2,763 42% 4,539 46% 12,879 33%
Phosphorus from waste water discharge tonnes/yr 1,374 53% 299 % 829 42% 1,362 46% 3,864 33%
BOD from waste water discharge tonnes / yr 17,175 53% 3,738 7% 0 0% 17,020 46% 37,934 26%
Impact on water quality Severity Severely negative -3 Negative -2 Saverely negative -3 Negate 2 ST -3

Change in sediment supply Severity Neutral 0 Neutral 0 Midly negative -1 Negative -2 Midly negative -1

Induced geomorphological changes Severity Midly negative -1 Midly negaive -1 Midly negative -1 Neutral 0 Midly negative il

Production assessment

Hydropower generated GWh/yr 68,013 415% 48,515 398% 20,726 888% 21,465 158% 158,719 357%
Reservoir fisheries Mtonne / yr 0 37% 0 0% 0 78% 0 3% 0 20%
Flood damages USSM/ yr 3 10% 3 13% 4 46% 6 70% 16 23%
Agricultural production: rice Mtonne / yr 3 370% 9 220% 3 176% 7 42% 23 92%
Agricultural production: non-rice Mtonne / yr 0 744% 3 226% 0 140% 1 56% 4 132%
Capture fisheries production Mtonne / yr -0 -7% -0 -2% -0 -40% -0 -31% -0 -20%
Aquaculture production Mtonne / yr 0 36% 0 42% 0 45% 1 33% 1 35%

Environmental assessment

Total wetland area: flooded forest ‘000ha 0 0% 0 0% -2 0% -0 0% £2 0%
Total wetland area: marshes ‘000ha -0 -4% -0 -4% -5 -1% -0 0% -6 -1%
Total wetland area: inundated grassland  ‘000ha -1 -13% -1 -3% -3 -1% -0 0% -6 -1%
Tonle Sap only: flooded forest '000ha 0 0% 0 0% -2 0% 0 0% -2 0%
Tonle Sap only: marshes '000ha 0 0% 0 0% -1 0% 0 0% -1 0%
Tonle Sap only: inundated grassland '000ha 0 0% 0 0% -3 -1% 0 0% -3 -1%
Forest area in reservoir areas '000ha 56 146% 0 0% 41 1693% 2 29% 98 164%
Number of viable deep pools No. -8 -40% -10 -59% -2 -40% 0 0% -20 -43%
Status of river channel habitats Severity Midly negative -1 Midly negative -1 Midly negative -1 Midly negative -1 Midy negative -1
Flagship species Survival n/a n/a n/a n/a n/a
Environmental hot spots Severity Extremely negative -3 Negative -2 Severely negative -2 Neutrel 0 Loy -2
Biodiversity condition Severity Negative 2 Negaiivo -2 Negative -2 Neurel Y Negaive -2

Economic assessment (net economic values)

Irrigated agricultural production NPV USSM 322 0% 885 0% 344 0% 108 0% 1,659 0%
Hydropower generated NPV USSM 6,899 90% 373 63% 567 76% 839 22% 8,678 68%
Hydropower imported/exported NPV USSM 8,840 564% 2,048 193% 1,574 345% 192 22% 12,654 320%
Navigation NPV USSM 0 0% 0 0% 0 0% 0 0% 0 0%
Flood damage mitigation NPV USSM -49 27% -42 -24% -1 -2% 7 12% -85 -18%
Capture fisheries reduction NPV USSM 54 -24% 26 -14% -816 252% -254 123% -990 105%
Reservoir fisheries NPV USSM 61 82% 0 0% 66 1920% -2 -19% 125 137%
Aquaculture production NPV USSM 42 33% 61 35% 86 98% -58 -8% 132 12%
Forest area reduction NPV US$M -106 82% 0 0% -116 1840% 3 -19% -219 143%
Recession rice NPV USSM -2 12% -11 112% -16 15% -4 51% -34 23%
Wetland area reduction NPV USSM 8 -31% 14 -29% -15 10% -4 587% 3 -1%
Mitigation of salinity affected areas NPV USSM 0 0% 0 0% 0 0% 7 35% 7 35%
Reduction in eco-hotspot/biodiversity NPV USSM -75 0% -40 200% -130 200% 0 0% -245 288%
Total economic impacts NPV US$M 15,993 173% 3,315 168% 1,544 223% 834 16% 21,685 126%

Social assessment

No. of people at risk of loss of livelihood 000 610 205% 470 1022% 1,110 1088% 1,283 290% 3,473 392%
Severity of impact on livelihoods Severity Midy negative -1 Negative 2 Severely negative -3 Midly negative -1 Negative 2
No. of people employed in:
Irrigated agriculture '000 72 91% 119 53% 6 8% 14 41% 212 51%
Reservoir fisheries (incremental to BS) ‘000 28 226% 0 0% 20 3497% 1 46% 49 325%
Hydropower production '000 330 635% 33 636% 148 963% -3 -8% 508 490%
Aquaculture (incremental to BS) ‘000 26 94% 38 96% 37 188% 0 0% 101 40%
Overall assessment
Overall environment impact Severity Negative 2 Negative 2 Negative 2 Neutal 0 Negative 2
Livelihoods Severity Mildly negative -1 Negative -2 Severely negative -3 Midly negative -1 Negative -2
Economic production NPV USSM 16,163 171% 3,368 163% 2,638 203% 1,078 20% 23,248  1271%
Other economic impacts NPV USSM -171 76% -54 58% -1,094 181% -244 159% -1,562  145%
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Scenario assessment results
Estimated total values
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Main Report

LMB 20-Year Plan Scenario

Climate change

Scenario run no. 4001

Assessment Lao PDR Thailand Cambodia Viet Nam Total
issue Unit Amount Amount Amount Amount Amount
Hydrological assessment
Key hydrological parameters: Location Vientiane Mudakhan Kratie Tan Chau Average
Monthly average dry season flow (March) m3/s 2,265 2,759 3,577 4,077 3,170
Average peak daily flow in wet season mals 13,691 25,919 50,515 21,529 27,914
Flow reversal in Tonle Sap: Location Prek Kdam TLS only
Average flow volume entering Tonle Sap MCM n/a n/a 30,663 n/a 30,663
Average date of flow reversal (+/-) Days n/a n/a 128 n/a 7-May
Land use and condition assessment
Total irrigated area '000ha 450 2,635 457 1,795 5,337
Total irrigated cropped area '000ha 820 3,624 877 4,404 9,725
Average area flooded: < 0.5m '000ha 24 23 225 117 389
Average area flooded: 0.5 - 1.0m '000ha 25 22 192 708 946
Average area flooded: 1.0 - 3.0m '000ha 86 86 758 1,016 1,945
Average area flooded: > 3.0m '000ha 265 210 1,294 14 1,784
Area lost to bank erosion Sevemy Negative 2 Negative -2 Negative -2 Mildly negative -1 Neutral
Area affected by salinity of > 1.3gm/I '000ha 0 0 0 1,874 1,874
Water quality and geomorphology
Herbicide runoff tonnes / yr 6,721 29,874 3,483 26,352 66,430
Insecticide and fungicide runoff tonnes / yr 6,723 31,752 3,192 27,098 68,765
Nitrogen runoff from agriculture tonnes / yr 18,039 51,700 9,377 71,019 150,135
Phosphorus runoff from agriculture tonnes / yr 1,954 6,487 1,219 10,683 20,344
Nitrogen from waste water discharge tonnes / yr 13,209 14,974 9,396 14,435 52,014
Phosphorus from waste water discharge  tonnes/yr 3,963 4,492 2,819 4,330 15,604
BOD from waste water discharge tonnes / yr 49,534 56,152 35,234 54,130 195,051
Impact on water quality Severity Mildly negative -1 Mildly negative -1 Mildly negative -1 Mildly negative -1 Mildly negative -1
Change in sediment supply Severity Severely negative -3 Severely negative -3 Negative -2 Negative -2 Severely negative -3
Induced geomorphological changes Severity Negative -2 Negative -2 Midly negative -1 Midly negative -1 Negative -2
Production assessment
Hydropower generated GWh/yr 84,416 60,694 23,061 35,058 203,229
Reservoir fisheries Mtonne / yr 0 0 0 0 0
Flood damages USSM/ yr 31 30 17 31 109
Agricultural production: rice Mtonne / yr 4 13 5 25 48
Agricultural production: non-rice Mtonne / yr 0 4 0 3 8
Capture fisheries production Mtonne / yr 0 0 0 0 0
Aquaculture production Mtonne / yr 0 0 0 3 4
Environmental assessment
Total wetland area: flooded forest '000ha 0 0 456 46 502
Total wetland area: marshes '000ha 8 11 540 0 559
Total wetland area: inundated grassland ~ '000ha 9 47 331 55 441
Tonle Sap only: flooded forest '000ha 0 0 456 0 456
Tonle Sap only: marshes '000ha 0 0 313 0 3013]
Tonle Sap only: inundated grassland '000ha 0 0 284 0 284
Forest area in reservoir areas '000ha 94 14 43 7 158
Number of viable deep pools No. 12 7 3 5 27
Status of river channel habitats Severity Negative -2 Negaiive -2 Midly negative -1 Negative 2 Negative 2
Flagship species Survival Extinct Extinct Sunviving Sunviving Extinct
Environmental hot spots Severity Catastrophic -4 Extremely negatie -3 Extremely negative -3 Negative 2 EoomzED -3
Biodiversity condition Severity Severely negative -3 Severely negative -3 Negative -2 Midly negative -1 Severely negative -2
Economic assessment (net economic values)
Irrigated agricultural production NPV US$M 322 885 344 108 1,659
Hydropower generated NPV US$M 14,585 964 1,315 4,659 21,523
Hydropower imported/exported NPV US$M 10,407 3,108 2,031 1,066 16,612
Navigation NPV US$M 0 246 0 0 246
Flood damage mitigation NPV US$M 130 130 -226 -307 -273
Capture fisheries reduction NPV US$M -174 -162 -1,139 -461 -1,936
Reservoir fisheries NPV US$M 135 [¢] 70 11 215
Aquaculture production NPV US$M 168 235 174 684 1,261
Forest area reduction NPV US$M -236 0 -122 -14 -372
Recession rice NPV US$M 5 -7 256 24 278
Wetland area reduction NPV US$M -3 -13 120 -3 101
Mitigation of salinity affected areas NPV US$M 0 0 0 -2 -2
Reduction in eco-hotspot/biodiversity NPV US$M -100 -60 -195 -60 -415
Total economic impacts NPV US$M 25,238 5,327 2,627 5,705 38,898
Social assessment
No. of people at risk of loss of livelihood 000 907 516 1,212 1,725 4,360
Severity of impact on livelihoods Severity Severely negative -3 Severely negatve -3 Exemely negatve -4 Negative 2 Crapcsti -3
No. of people employed in:
Irrigated agriculture '000 150 346 84 49 629
Reservoir fisheries (incremental to BS) 000 40 0 28 4 72
Hydropower production '000 382 38 163 29 612
Aquaculture (incremental to BS) '000 55 7 57 164 352
Overall assessment
Overall environment impact Severity Severelynegatiie -3 Severelynegatie -3 Negative 2 Negative 2 Severely negative 2
Livelihoods Severity Severely negative -3 Severely negative -3 Extremely negative -4 Negative -2 Severely negative Es
Economic production NPV US$M 25,617 5,439 3,934 6,527 41,517
Other economic impacts NPV US$M -378 -112 -1,307 -822 -2,619
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Summary of scenario assessment

Incremental values relative to Baseline
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LMB 20-Year Plan Scenario
Climate change

Scenario run no. 4001

Assessment Lao PDR Thailand Cambodia Viet Nam Total
issue Unit Amount  Percent  Amount  Percent Amount Peccent Amount  Pecent  Amount Percent
Hydrological assessment
Key hydrological parameters: Location Vientiane Mudakhan Kratie Tan Chau Average
Monthly average dry season flow (March) m3/s 1,165 106% 1,306 90% 1,380 63% 1,006 33% 1,214 62%
Average peak daily flow in wet season ma/s -2,230 -14% 418 2% 3,752 8% 219 1% 540 2%
Flow reversal in Tonle Sap: Location Prek Kdam TLS only
Average flow volume entering Tonle Sap MCM n/a n/a -1,596 -5% n/a -1,596 -5%
Average date of flow reversal (+/-) Days n/a n/a -17 -12% n/a -17 -12%
Land use and condition assessment
Total irrigated area '000ha 245 120% 1,370 108% 183 67% -201 -10% 1,597 43%
Total irrigated cropped area '000ha 488 147% 2,202 155% 314 56% 93 2% 3,096 47%
Average area flooded: < 0.5m '000ha -0 2% 0 1% 40 22% -217 -65% -177 -31%
Average area flooded: 0.5 - 1.0m '000ha 1 2% -2 1% -39 -17% 39 6% -2 0%
Average area flooded: 1.0 - 3.0m '000ha 1 2% -3 -4% 46 6% 221 28% 265 16%
Average area flooded: > 3.0m '000ha -7 -3% -22 -9% 239 23% 9 189% 220 14%
Area lost to bank erosion Severity Negative -2 Negative -2 Negative -2 Midy negative -1 Negative 2
Area affected by salinity of > 1.3gm/| '000ha 0 0% 0 0% 0 0% 23 1% 23 1%
Water quality and geomorphology
Herbicide runoff tonnes / yr 5,258 359% 18,113 154% 2,575 284% 3,524 15% 29,470 80%
Insecticide and fungicide runoff tonnes / yr 4,783 247% 18,087 132% 1,737 119% 1,378 5% 25,985 61%
Nitrogen runoff from agriculture tonnes /yr 14,668 435% 40,070 345% 6,922 282% 7,469 12% 69,128 85%
Phosphorus runoff from agriculture tonnes / yr 1,647 535% 5,248 424% 938 334% 2,354 28% 10,187 100%
Nitrogen from waste water discharge tonnes / yr 4,580 53% 997 7% 2,763 42% 4,539 46% 12,879 33%
Phosphorus from waste water discharge tonnes/yr 1,374 53% 299 % 829 42% 1,362 46% 3,864 33%
BOD from waste water discharge tonnes / yr 17,175 53% 3,738 7% 10,362 42% 17,020 46% 48,296 33%
Impact on water quality Severity Midly negative -1 Midly negative -1 Midy negative -1 Mildly negative -1 Midy negative =il
Change in sediment supply Severity Severely negative -3 Severely negative -3 Negative -2 Negative -2 Sevamlypozike -3
Induced geomorphological changes Severity Negative -2 Negative -2 Mildy negatve -1 Midly negative -1 Negatve 2
Production assessment
Hydropower generated GWh/yr 81,384 2684% 58,291 2426% 23,061 0% 31,399 858% 194,136 2135%
Reservoir fisheries Mtonne / yr -0 -100% -0 -100% -0 -100% -0 -100% -0 -100%
Flood damages US$M /yr -39 -56% -37 -55% -9 -34% -25 -44% -109 -50%
Agricultural production: rice Mtonne / yr 3 370% 9 220% 3 176% 7 42% 23 92%
Agricultural production: non-rice Mtonne / yr 0 744% 3 226% 0 140% 1 56% 4 132%
Capture fisheries production Mtonne / yr -0 -100% -1 -100% -1 -100% -0 -100% -2 -100%
Aquaculture production Mtonne / yr 0 161% 0 158% 0 91% 2 100% 2 105%
Environmental assessment
Total wetland area: flooded forest '000ha 0 0% 0 0% 4 1% 0 0% 4 1%
Total wetland area: marshes '000ha -1 7% -1 -6% 22 4% 0 0% 21 4%
Total wetland area: inundated grassland  '000ha -0 -1% -3 -6% 13 4% -0 0% 10 2%
Tonle Sap only: flooded forest '000ha 0 0% 0 0% 4 1% 0 0% 4 1%
Tonle Sap only: marshes '000ha 0 0% 0 0% 4 1% 0 0% 4 1%
Tonle Sap only: inundated grassland '000ha 0 0% 0 0% 7 3% 0 0% 7 3%
Forest area in reservoir areas '000ha 81 595% 0 0% 42 3346% 5 236% 127 416%
Number of viable deep pools No. -8 -40% -10 -59% -2 -40% 0 0% -20 -43%
Status of river channel habitats Severity Negative -2 Negative -2 Mildly negative -1 Negative 2 Negative -2
Flagship species Survival n/a n/a n/a n/a n/a
Environmental hot spots Severity Catastropfic -4 Exemoly negatve -3 Exromely negatve -3 Negative 2 EACIEE -3
Biodiversity condition Severity Severely negative -3 Severely negative -3 Negative -2 Midly negative -1 Severely negative £2
Economic assessment (net economic values)
Irrigated agricultural production NPV US$M 322 0% 885 0% 344 0% 108 0% 1,659 0%
Hydropower generated NPV US$M 12,292 536% 473 96% 1,315 0% 2,948 172% 17,028 379%
Hydropower imported/exported NPV US$M 10,066 2957% 2,899 1386% 2,031 0% 799 299% 15,796 1934%
Navigation NPV US$M 0 0% 64 35% 0 0% 0 0% 64 35%
Flood damage mitigation NPV US$M 130 0% 130 0% -226 0% -307 0% -273 0%
Capture fisheries reduction NPV US$M -174 0% -162 0% -1,139 0% -461 0% -1,936 0%
Reservaoir fisheries NPV US$M 135 0% 0 0% 70 0% 11 0% 215 0%
Aquaculture production NPV US$M 168 0% 235 0% 174 0% 684 0% 1,261 0%
Forest area reduction NPV US$M -236 0% 0 0% -122 0% -14 0% -372 0%
Recession rice NPV US$M 5 0% -7 0% 256 0% 24 0% 278 0%
Wetland area reduction NPV US$M -3 0% -13 0% 120 0% -3 0% 101 0%
Mitigation of salinity affected areas NPV US$M 0 0% 0 0% 0 0% -2 0% -2 0%
Reduction in eco-hotspot/biodiversity NPV US$M -100 0% -60 0% -195 0% -60 0% -415 0%
Total economic impacts NPV US$M 22,605 858% 4,445 504% 2,627 0% 3,726 188% 33,403 608%
Social assessment
No. of people at risk of loss of livelihood 000 907 0% 516 0% 1,212 0% 1,725 0% 4,360 0%
Severity of impact on livelihoods Severity Severely negalve 3 Severely negalve 3 Bxiemely negalie -4 Negative 2 Seostiezike 3
No. of people employed in:
Irrigated agriculture '000 72 91% 119 53% 6 8% 14 41% 212 51%
Reservoir fisheries (incremental to BS) 000 40 0% 0 0% 28 0% 4 0% 72 0%
Hydropower production '000 382 0% 38 0% 163 0% 29 0% 612 0%
Aquaculture (incremental to BS) '000 55 0% 77 0% 57 0% 164 0% 352 0%
Overall assessment
Overall environment impact Severity Severely negaiive -3 Severely negative -3 Negative -2 Negative 2 Severely negaiive -3
Livelihoods Severity Severely negative -3 Severely negalie 3 Exremelynegative -4 Negative 2 CITyED 3
Economic production NPV USSM 22,983 873% 4,557 517% 3,934 0% 4,549 230% 36,023 656%
Other economic impacts NPV USSM -378 0% -112 0% -1,307 0% -822 0% -2,619 0%
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Summary of scenario assessment

Incremental values relative to Definite Future Scenario

Assessment of Basin-wide Development Scenarios
Main Report

LMB 20-Year Plan Scenario
Climate change

Scenario run no. 4001

Assessment Lao PDR Thailand Cambodia Viet Nam Total
issue Unit Amount  Percet Amount  Percent Amount Percent Amount  Percent Amount Percent
Hydrological assessment
Key hydrological parameters: Location Vientiane Mudakhan Kratie Tan Chau Average
Monthly average dry season flow (March) m3s 405 22% 387 16% 508 17% 179 5% 370 13%
Average peak daily flow in wet season m3/s -122 -1% 1,887 8% 5,393 12% 699 3% 1,964 8%
Flow reversal in Tonle Sap: Location Prek Kdam TLS only
Average flow volume entering Tonle Sap MCM n/a n/a 922 3% n/a 922
Average date of flow reversal (+/-) Days n/a n/a -14 -10% n/a -14
Land use and condition assessment
Total irrigated area '000ha 283 170% 1,281 95% 183 67% 125 7% 1,872 54%
Total irrigated cropped area '000ha 549 203% 1,868 106% 314 56% 186 4% 2,918 43%
Average area flooded: < 0.5m '000ha 1 5% 0 2% 9 4% -291 -71% -281 -42%
Average area flooded: 0.5 - 1.0m '000ha 5 27% 0 2% -16 -8% -6 -1% -16 -2%
Average area flooded: 1.0 - 3.0m '000ha 13 18% 7 8% 83 12% 348 52% 451 30%
Average area flooded: > 3.0m '000ha 39 17% 34 19% 317 32% 11 367% 401 29%
Area lost to bank erosion Severity Severely negative -3 Severely negative -3 Negative -2 g -1 g -2
Area affected by salinity of > 1.3gm/| '000ha 0 0% 0 0% 0 0% 295 19% 295 19%
Water quality and geomorphology
Herbicide runoff tonnes / yr 5,258 359% 18,113 154% 2,575 284% 3,524 15% 29,470 80%
Insecticide and fungicide runoff tonnes / yr 4,783 247% 18,087 132% 1,737 119% 1,378 5% 25,985 61%
Nitrogen runoff from agriculture tonnes / yr 14,668 435% 40,070 345% 6,922 282% 7,469 12% 69,128 85%
Phosphorus runoff from agriculture tonnes / yr 1,647 535% 5,248 424% 938 334% 2,354 28% 10,187 100%
Nitrogen from waste water discharge tonnes / yr 4,580 53% 997 % 2,763 42% 4,539 46% 12,879 33%
Phosphorus from waste water discharge tonnes/yr 1,374 53% 299 % 829 42% 1,362 46% 3,864 33%
BOD from waste water discharge tonnes / yr 17,175 53% 3,738 7% 10,362 42% 17,020 46% 48,296 33%
Impact on water quality Severity Negative -2 Negative -2 Negative -2 Negative -2 Negative -2
Change in sediment supply Severity Midly negative -1 Midy negative -1 iy negative -1 Negative 2 Negive -1
Induced geomorphological changes Severity Midly negative -1 Midly negaive -1 Midly negative -1 Midly negative -1 Midly negative il
Production assessment
Hydropower generated GWh/yr 68,013 415% 48,515 398% 20,726 888% 21,465 158% 158,719 357%
Reservoir fisheries Mtonne / yr -0 -100% -0 -100% -0 -100% -0 -100% -0 -100%
Flood damages USSM /yr 3 10% 3 13% 9 119% 22 239% 38 53%
Agricultural production: rice Mtonne / yr 3 370% 9 220% 3 176% 7 42% 23 92%
Agricultural production: non-rice Mtonne / yr 0 744% 3 226% 0 140% 1 56% 4 132%
Capture fisheries production Mtonne / yr -0 -100% -1 -100% -1 -100% -0 -100% -2 -100%
Aquaculture production Mtonne / yr 0 36% 0 42% 0 45% 1 33% 1 35%
Environmental assessment
Total wetland area: flooded forest ‘000ha 0 0% 0 0% 6 1% 0 0% 6 1%
Total wetland area: marshes ‘000ha 1 17% 1 11% 34 % 0 0% 36 %
Total wetland area: inundated grassland  ‘000ha 3 54% 4 10% 20 7% -0 0% 28 %
Tonle Sap only: flooded forest '000ha 0 0% 0 0% 6 1% 0 0% 6 1%
Tonle Sap only: marshes '000ha 0 0% 0 0% 6 2% 0 0% 6 2%
Tonle Sap only: inundated grassland '000ha 0 0% 0 0% 13 5% 0 0% 13 5%
Forest area in reservoir areas '000ha 56 146% 0 0% 41 1693% 2 29% 98 164%
Number of viable deep pools No. -8 -40% -10 -59% -2 -40% 0 0% -20 -43%
Status of river channel habitats Severity Midly negative -1 Midly negaive -1 Midly negative -1 Negative -2 Negative il
Flagship species Survival n/a n/a n/a n/a n/a
Environmental hot spots Severity Catestrophic -4 Negaiive -2 Saversly negalive -3 Negative -2 Severely negeive -3
Biodiversity condition Severity Negative 2 Negative -2 iy negative -1 Neutral 0 Regeive -1
Economic assessment (net economic values)
Irrigated agricultural production NPV USSM 322 0% 885 0% 344 0% 108 0% 1,659 0%
Hydropower generated NPV USSM 6,899 90% 373 63% 567 76% 839 22% 8,678 68%
Hydropower imported/exported NPV USSM 8,840 564% 2,048 193% 1,574 345% 192 22% 12,654 320%
Navigation NPV USSM 0 0% 0 0% 0 0% 0 0% 0 0%
Flood damage mitigation NPV USSM -49 -27% -42 -24% =277 -543% -367 -612% -735  -159%
Capture fisheries reduction NPV US$M 54 -24% 26 -14% -816 252% -254 123% -990 105%
Reservoir fisheries NPV USSM 61 82% 0 0% 66 1920% -2 -19% 125 137%
Aquaculture production NPV USSM 42 33% 61 35% 86 98% -58 -8% 132 12%
Forest area reduction NPV US$M -106 82% 0 0% -116 1840% 3 -19% -219 143%
Recession rice NPV USSM 24 -127% 3 -32% 362 -341% 33 -378% 422 -293%
Wetland area reduction NPV USSM 24 -88% 35 -73% 273 -178% -3 416% 329  -144%
Mitigation of salinity affected areas NPV US$M 0 0% 0 0% 0 0% -22 -110% -22 -110%
Reduction in eco-hotspot/biodiversity NPV USSM -100 0% -40 200% -130 200% -60 0% -330 388%
Total economic impacts NPV USSM 16,010 173% 3,350 169% 1,934 279% 409 8% 21,703 126%
Social assessment
No. of people at risk of loss of livelihood 000 610 205% 470 1022% 1,110 1088% 1,283 290% 3,473 392%
Severity of impact on livelihoods Severity Midy negatve -1 Negatie -2 Severely negalive -3 Midly negalive -1 (EzED K
No. of people employed in:
Irrigated agriculture '000 72 91% 119 53% 6 8% 14 41% 212 51%
Reservoir fisheries (incremental to BS) ‘000 28 226% 0 0% 27 4703% 2 74% 57 375%
Hydropower production '000 330 635% 33 636% 148 963% -3 -8% 508 490%
Aquaculture (incremental to BS) '000 26 94% 38 96% 37 188% 0 0% 101 40%
Overall assessment
Overall environment impact Severity Negative 2 Negative 2 Midy negative -1 Midly negative -1 Negative 2
Livelihoods Severity Mildly negative -1 Negative -2 Severely negative -3 Mikdly negative -1 Negative -2
Economic production NPV USSM 16,163 171% 3,368 163% 2,638 203% 1,078 20% 23,248  121%
Other economic impacts NPV USSM -154 69% -18 20% -704 117% -669 435% -1,545  144%
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MO LMB 20-Year Plan Scenario without mainstream dams
== — Hydropower and storage Water
Irrigation areas
dams supply
Wet Dry N Installed Live Domestic &
season season 0- capacity  storage industrial
Mha Mha GW BCM BCM pa.
1 Lao PDR 0.45 0.33 47 7.92 36.97 0.44
i e Thailand 264 043 7 074 357 357
-kt - Cambodia 0.46 0.38 2 0.48 0.38 0.88
\ Viet Nam - Highland 0.27 0.08 15 2.58 3.16 0.14
Viet Nam - Delta 1.53 0.66 - - - 1.10
\ Mainstream - - 0 0.00 0.00 -
Total LMB 5.34 1.88 71 1173  44.07 4.38
N ‘1. umB - - 6 15.45 23.19 -
‘\ 1 Basin total 5.34 1.88 77 27.18 67.27 4.38
N t Scenario run no.: 5000
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Scenario assessment results
Estimated total values

Assessment of Basin-wide Development Scenarios
Main Report

LMB 20-Year Plan Scenario without

mainstream dams

Scenario run no. 5000

Assessment Lao PDR Thailand Cambodia Viet Nam Total
issue Unit Amount Amount Amount Amount Amount
Hydrological assessment
Key hydrological parameters: Location Vientiane Mudakhan Kratie Tan Chau Average
Monthly average dry season flow (March) m3/s 2,106 2,586 3,451 4,097 3,060
Average peak daily flow in wet season mals 13,564 23,421 43,347 20,464 25,199
Flow reversal in Tonle Sap: Location Prek Kdam TLS only
Average flow volume entering Tonle Sap MCM n/a n/a 28,358 n/a 28,358
Average date of flow reversal (+/-) Days n/a n/a 139 n/a 18-May
Land use and condition assessment
Total irrigated area '000ha 450 2,635 457 1,795 5,337
Total irrigated cropped area '000ha 820 3,624 877 4,404 9,725
Average area flooded: < 0.5m '000ha 22 23 222 431 697
Average area flooded: 0.5 - 1.0m '000ha 19 22 212 717 970
Average area flooded: 1.0 - 3.0m '000ha 71 77 669 635 1,451
Average area flooded: > 3.0m '000ha 219 167 951 3 1,340
Area lost to bank erosion Severity Positive 2 Positive 2 Midly posttive 1 Neutral 0 Neutral
Area affected by salinity of > 1.3gm/I '000ha 0 0 0 1,547 1,547
Water quality and geomorphology
Herbicide runoff tonnes / yr 6,721 29,874 3,483 26,352 66,430
Insecticide and fungicide runoff tonnes / yr 6,723 31,752 3,192 27,098 68,765
Nitrogen runoff from agriculture tonnes / yr 18,039 51,700 9,377 71,019 150,135
Phosphorus runoff from agriculture tonnes / yr 1,954 6,487 1,219 10,683 20,344
Nitrogen from waste water discharge tonnes / yr 13,209 14,974 9,396 14,435 52,014
Phosphorus from waste water discharge tonnes/yr 3,963 4,492 2,819 4,330 15,604
BOD from waste water discharge tonnes / yr 49,534 56,152 35,234 54,130 195,051
Impact on water quality Severity Negative 2 Midly negative -1 Negative -2 Midly negative -1 Negative 2
Change in sediment supply Severity Negative -2 Negative -2 Negative Midly negative Negative -2
Induced geomorphological changes Severity Negative -2 Midy negative -1 Neutral 0 Neutral 0 Midy negative -1
Production assessment
Hydropower generated GWh /yr 37,609 26,206 3,321 16,346 83,483
Reservoir fisheries Mtonne / yr 0.093 0.106 0.026 0.033 0.258
Flood damages USSM /yr 31 30 12 16 88
Agricultural production: rice Mtonne / yr 3.925 13.165 5.079 25.411 47.580
Agricultural production: non-rice Mtonne / yr 0.300 4.206 0.149 2.935 7.590
Capture fisheries production Mtonne / yr 0.209 0.887 0.654 0.335 2.085
Aquaculture production Mtonne / yr 0.204 0.259 0.243 3.326 4.031
Environmental assessment
Total wetland area: flooded forest '000ha 0 0 449 46 494
Total wetland area: marshes '000ha 6 10 502 0 518
Total wetland area: inundated grassland  '000ha 5 41 307 55 408
Tonle Sap only: flooded forest '000ha 0 0 448 0 448
Tonle Sap only: marshes '000ha 0 0 307 0 307
Tonle Sap only: inundated grassland '000ha 0 0 269 0 269
Forest area in reservoir areas '000ha 70 14 2 7 93
Number of viable deep pools No. 20 17 5 5 47
Status of river channel habitats Severity Negative -2 Midy negative -1 Neutral 0 Neutral 0 Midly negative -1
Flagship species Survival Suniving Suniving Surviving Surviving Sunviving
Environmental hot spots Severity Severely negative 2 Negative 2 Negative -2 Neutral 0 Negative -1
Biodiversity condition Severity Negative -2 Negative -2 Midy negative -1 Midly negative -1 Negative -2
Economic assessment (net economic values)
Irrigated agricultural production NPV US$M 322 885 344 108 1,659
Hydropower generated NPV US$M 9,783 591 1,168 4,022 15,564
Hydropower imported/exported NPV US$M 4,208 1,760 462 920 7,351
Navigation NPV US$M 0 246 0 0 246
Flood damage mitigation NPV US$M 124 124 a7 65 360
Capture fisheries reduction NPV US$M -124 -116 -377 -116 -732
Reservoir fisheries NPV US$M 94 0 2 11 107
Aquaculture production NPV US$M 168 235 174 684 1,261
Forest area reduction NPV USSM -165 0 -4 -14 -183
Recession rice NPV US$M -21 -22 -117 -13 -173
Wetland area reduction NPV US$M -18 -32 -125 -1 -176
Mitigation of salinity affected areas NPV US$M 0 0 0 25 25
Reduction in eco-hotspot/biodiversity NPV US$M -50 -40 -130 0 -220
Total economic impacts NPV US$M 14,322 3,632 1,446 5,690 25,090
Social assessment
No. of people at risk of loss of livelihood ‘000 699 201 212 452 1,564
Severity of impact on livelihoods Severity Severelynegative -3 Midy negatie 1 Negative -2 Midy negatve 1 Reoti® 2
No. of people employed in:
Irrigated agriculture '000 150 346 84 49 629
Reservoir fisheries (incremental to BS)  '000 28 0 1 3 32
Hydropower production '000 168 7 20 29 224
Aquaculture (incremental to BS) '000 55 77 57 164 352
Overall assessment
Overall environment impact Severity Negative 2 Negative 2 Midy negative -1 Midy negative -1 Negative 2
Livelihoods Severtty Severely negative -3 Mildly negative -1 Negative -2 Midly negative -1 Negative -2
Economic production NPV USSM 14,576 3,718 2,151 5,744 26,189
Other economic impacts NPV USSM -254 -85 -705 -54 -1,098
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Summary of scenario assessment LMB 20-Year Plan Scenario without mainstream
Incremental values relative to Baseline dams
Scenario run no. 5000
Assessment Lao PDR Thailand Cambodia Viet Nam Total
issue Unit Amount  Pecent  Amount  Percent Amount  Percent Amount  Percent Amount Percent
Hydrological assessment
Key hydrological parameters: Location Vientiane Mudakhan Kratie Tan Chau Average
Monthly average dry season flow (March) m3/s 1,006 91% 1,133 78% 1,253 57% 1,026 33% 1,105 56%
Average peak daily flow in wet season ma/s -2,357 -15% -2,080 -8% -3,415 -7% -846 -4% -2,175 -8%
Flow reversal in Tonle Sap: Location Prek Kdam TLS only
Average flow volume entering Tonle Sap MCM n/a n/a -3,900 -12% n/a -3,900 -12%
Average date of flow reversal (+/-) Days n/a n/a -6 -4% n/a -6 -4%
Land use and condition assessment
Total irrigated area '000ha 245 120% 1,370 108% 183 67% -201 -10% 1,597 43%
Total irrigated cropped area '000ha 488 147% 2,202 155% 314 56% 93 2% 3,096 47%
Average area flooded: < 0.5m '000ha -3 -11% -1 -2% 37 20% 97 29% 131 23%
Average area flooded: 0.5 - 1.0m '000ha -5 -21% -2 -9% -19 -8% 48 % 22 2%
Average area flooded: 1.0 - 3.0m '000ha -14 -16% -13 -14% -43 -6% -159 -20% -229 -14%
Average area flooded: > 3.0m '000ha -53 -19% -65 -28% -104 -10% -2 -45% -223 -14%
Area lost to bank erosion Severity Postive 2 Posiive 2 Midly positive 1 Neutral 0 Midly posiive 1
Area affected by salinity of > 1.3gm/I '000ha 0 0% 0 0% 0 0% -305 -16% -305 -16%
Water quality and geomorphology
Herbicide runoff tonnes / yr 5,258 359% 18,113 154% 2,575 284% 3,524 15% 29,470 80%
Insecticide and fungicide runoff tonnes / yr 4,783 247% 18,087 132% 1,737 119% 1,378 5% 25,985 61%
Nitrogen runoff from agriculture tonnes / yr 14,668 435% 40,070 345% 6,922 282% 7,469 12% 69,128 85%
Phosphorus runoff from agriculture tonnes / yr 1,647 535% 5,248 424% 938 334% 2,354 28% 10,187 100%
Nitrogen from waste water discharge tonnes / yr 4,580 53% 997 % 2,763 42% 4,539 46% 12,879 33%
Phosphorus from waste water discharge tonnes/yr 1,374 53% 299 7% 829 42% 1,362 46% 3,864 33%
BOD from waste water discharge tonnes / yr 17,175 53% 3,738 7% 10,362 42% 17,020 46% 48,296 33%
Impact on water quality Severity Negative -2 Midly negative -1 Negative -2 Mildly negative -1 Negative £
Change in sediment supply Severity Negative -2 Negative -2 Negative -2 Mildly negative -1 Negative -2
Induced geomorphological changes Severity Negative -2 Mildy negative -1 Neutral 0 Neutral 0 Midly negative -1
Production assessment
Hydropower generated GWh/yr 34,577 1140% 23,804 991% 3,321 0% 12,688 347% 74,389 818%
Reservoir fisheries Mtonne / yr 0.028 44% 0.000 0% 0.001 2% 0.003 11% 0.032 14%
Flood damages USSM / yr -39 -56% -37 -55% -15 -56% -40 -72% -131 -60%
Agricultural production: rice Mtonne / yr 3.089 370% 9.047 220% 3.237 176% 7.456 42% 22.829 92%
Agricultural production: non-rice Mtonne / yr 0.265 744% 2.917 226% 0.087 140% 1.055 56% 4.324 132%
Capture fisheries production Mtonne / yr -0.037 -15% -0.035 -4% -0.113 -15% -0.035 -9% -0.219 -10%
Aquaculture production Mtonne / yr 0.126 161% 0.158 158% 0.116 91% 1.662 100% 2.063 105%
Environmental assessment
Total wetland area: flooded forest '000ha o] 0% [¢] 0% -4 -1% -0 0% -4 -1%
Total wetland area: marshes '000ha -2 -24% -2 -19% -16 -3% -0 0% -20 -4%
Total wetland area: inundated grassland  '000ha -4 -43% -9 -18% -10 -3% -0 0% -23 -5%
Tonle Sap only: flooded forest '000ha 0 0% 0 0% -4 -1% 0 0% -4 -1%
Tonle Sap only: marshes '000ha 0 0% 0 0% -3 -1% 0 0% -3 -1%
Tonle Sap only: inundated grassland '000ha 0 0% 0 0% -8 -3% 0 0% -8 -3%
Forest area in reservoir areas '000ha 57 417% 0 0% 1 92% 5 236% 63 204%
Number of viable deep pools No. 0 0% 0 0% 0 0% 0 0% 0 0%
Status of river channel habitats Severity Negative -2 Mildy negative -1 Neutral 0 Neutral 0 Midly negative -1
Flagship species Survival n/a n/a n/a n/a n/a
Environmental hot spots Severity Severelynegative 2 Negative 2 Negative 2 Neutel o leozkee 1
Biodiversity condition Severity Negative -2 Negative -2 Midly negative -1 Midly negative: -1 Negative -2
Economic assessment (net economic values)
Irrigated agricultural production NPV USSM 322 0% 885 0% 344 0% 108 0% 1,659 0%
Hydropower generated NPV USSM 7,490 327% 100 20% 1,168 0% 2,310 135% 11,069 246%
Hydropower imported/exported NPV USSM 3,868 1136% 1,551 742% 462 0% 653 245% 6,534 800%
Navigation NPV USSM 0 0% 64 35% o] 0% o] 0% 64 35%
Flood damage mitigation NPV USSM 124 0% 124 0% 47 0% 65 0% 360 0%
Capture fisheries reduction NPV USSM -124 0% -116 0% =377 0% -116 0% -732 0%
Reservoir fisheries NPV USSM 94 0% o] 0% 2 0% 11 0% 107 0%
Agquaculture production NPV USSM 168 0% 235 0% 174 0% 684 0% 1,261 0%
Forest area reduction NPV USSM -165 0% o] 0% -4 0% -14 0% -183 0%
Recession rice NPV USSM -21 0% -22 0% -117 0% -13 0% -173 0%
Wetland area reduction NPV USSM -18 0% -32 0% -125 0% -1 0% -176 0%
Mitigation of salinity affected areas NPV USSM 0 0% o] 0% o] 0% 25 0% 25 0%
Reduction in eco-hotspot/biodiversity NPV USSM -50 0% -40 0% -130 0% o] 0% -220 0%
Total economic impacts NPV USSM 11,688 444% 2,750 312% 1,446 0% 3,712 188% 19,596 357%
Social assessment
No. of people at risk of loss of livelihood  '000 699 0% 201 0% 212 0% 452 0% 1,564 0%
Severity of impact on livelihoods Severity Severely negative -3 Mildly negative -1 Negative -2 Mildly negative -1 Negative -2
No. of people employed in:
Irrigated agriculture '000 72 91% 119 53% 6 8% 14 41% 212 51%
Reservoir fisheries (incremental to BS)  '000 28 0% 0 0% 1 0% 3 0% 32 0%
Hydropower production '000 168 0% 7 0% 20 0% 29 0% 224 0%
Aquaculture (incremental to BS) '000 55 0% 77 0% 57 0% 164 0% 352 0%
Overall assessment
Overall environment impact Severity Negative 2 Negative -2 Midly negative -1 Midy negative -1 Negative )
Livelihoods Severity Severely negative -3 Mildly negative -1 Negative -2 Mildly negative -1 Negative -2
Economic production NPV USSM 11,942 453% 2,835 321% 2,151 0% 3,766 190% 20,694 377%
Other economic impacts NPV USSM -254 0% -85 0% -705 0% -54 0% -1,098 0%
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Summary of scenario assessment LMB 20-Year Plan Scenario without mainstream
Incremental values relative to Definite Future Scenario dams
Scenario run no. 5000
Assessment Lao PDR Thailand Cambodia Viet Nam Total
issue Unit Amount  Percent  Amount  Percent  Amount Percent Amount  Percent  Amount  Percent
Hydrological assessment
Key hydrological parameters: Location Vientiane Mudakhan Kratie Tan Chau Average
Monthly average dry season flow (March) ma/s 246 13% 214 9% 382 12% 200 5% 260 9%
Average peak daily flow in wet season ma/s -249 -2% -611 -3% -1,775 -4% -366 -2% -750 -3%
Flow reversal in Tonle Sap: Location Prek Kdam TLS only
Average flow volume entering Tonle Sap MCM n/a n/a -1,382 -5% n/a -1,382 -5%
Average date of flow reversal (+/-) Days n/a n/a -3 -2% n/a -3 -2%
Land use and condition assessment
Total irrigated area '000ha 283 170% 1,281 95% 183 67% 125 7% 1,872 54%
Total irrigated cropped area '000ha 549 203% 1,868 106% 314 56% 186 4% 2,918 43%
Average area flooded: < 0.5m '000ha -1 -5% -0 -1% 5 2% 23 6% 27 4%
Average area flooded: 0.5 - 1.0m '000ha -0 -2% -0 0% 5 2% 4 1% 8 1%
Average area flooded: 1.0 - 3.0m '000ha -2 -2% -3 -3% -7 -1% -32 -5% -43 -3%
Average area flooded: > 3.0m '000ha -7 -3% -9 -5% -26 -3% -0 -11% -43 -3%
Area lost to bank erosion Severity Midly posiive 1 Midly positive: 1 Midly postive 1 Neutral 0 Neutral 1
Area affected by salinity of > 1.3gm/I '000ha 0 0% 0 0% 0 0% -33 -2% -33 -2%
Water quality and geomorphology
Herbicide runoff tonnes / yr 5,258 359% 18,113 154% 2,575 284% 3,524 15% 29,470 80%
Insecticide and fungicide runoff tonnes / yr 4,783 247% 18,087 132% 1,737 119% 1,378 5% 25,985 61%
Nitrogen runoff from agriculture tonnes / yr 14,668 435% 40,070 345% 6,922 282% 7,469 12% 69,128 85%
Phosphorus runoff from agriculture tonnes / yr 1,647 535% 5,248 424% 938 334% 2,354 28% 10,187 100%
Nitrogen from waste water discharge tonnes / yr 4,580 53% 997 7% 2,763 42% 4,539 46% 12,879 33%
Phosphorus from waste water discharge tonnes/yr 1,374 53% 299 % 829 42% 1,362 46% 3,864 33%
BOD from waste water discharge tonnes / yr 17,175 53% 3,738 7% 10,362 42% 17,020 46% 48,296 33%
Impact on water quality Severity Severely negative -3 Negative -2 Severely negative -3 Negative 2 Severely negative -3
Change in sediment supply Severity Neutral 0 Neutral 0 Widly negative -1 Wil negative -1 Ml negative -4
Induced geomorphological changes Severity Midly negative -1 Neutral 0 Neutral 0 Neutral 0 Midly negative -0
Production assessment
Hydropower generated GWh /yr 21,206 129% 14,028 115% 986 42% 2,753 20% 38,973 88%
Reservoir fisheries Mtonne / yr 0.016 21% 0.000 0% 0.000 0% 0.001 3% 0.017 7%
Flood damages USSM/ yr 3 10% 3 13% 4 46% 6 70% 16 23%
Agricultural production: rice Mtonne / yr 3.089 370% 9.047 220% 3.237 176% 7.456 42% 22.829 92%
Agricultural production: non-rice Mtonne / yr 0.265 744% 2.917 226% 0.087 140% 1.055 56% 4.324 132%
Capture fisheries production Mtonne /yr 0.001 0% -0.003 0% -0.059 -8% -0.000 0% -0.061 -3%
Aquaculture production Mtonne / yr 0.054 36% 0.077 42% 0.076 45% 0.831 33% 1.037 35%
Environmental assessment
Total wetland area: flooded forest '000ha 0 0% 0 0% -2 0% -0 0% -2 0%
Total wetland area: marshes '000ha -0 -4% -0 -4% -4 -1% -0 0% -5 -1%
Total wetland area: inundated grassland ~ '000ha -1 -12% -1 -3% -3 -1% -0 0% -5 -1%
Tonle Sap only: flooded forest '000ha 0 0% 0 0% -2 0% 0 0% -2 0%
Tonle Sap only: marshes '000ha 0 0% 0 0% -1 0% 0 0% -1 0%
Tonle Sap only: inundated grassland '000ha 0 0% 0 0% -2 -1% 0 0% -2 -1%
Forest area in reservoir areas '000ha 32 83% 0 0% 0 0% 2 29% 33 56%
Number of viable deep pools No. 0 0% 0 0% 0 0% 0 0% 0 0%
Status of river channel habitats Severity Midly negative -1 Neutral 0 Neutral 0 Neutral ] Midly negative -0
Flagship species Survival n/a n/a n/a n/a n/a
Environmental hot spots Severity Severely negative 2 Midy negative -1 Negative -1 Neuiral 0 Madly negtive -1
Biodiversity condition Severity Midly negative -1 Midly negative -1 Neutral 0 Neutral 0 Midly negative -1
Economic assessment (net economic values)
Irrigated agricultural production NPV US$M 322 0% 885 0% 344 0% 108 0% 1,659 0%
Hydropower generated NPV US$M 2,097 27% 0 0% 420 56% 201 5% 2,719 21%
Hydropower imported/exported NPV US$M 2,641 169% 700 66% 5 1% 46 5% 3,393 86%
Navigation NPV US$M 0 0% 0 0% 0 0% 0 0% 0 0%
Flood damage mitigation NPV US$M -55 -31% -48 -28% -4 -8% 5 8% -102 -22%
Capture fisheries reduction NPV US$M 104 -46% 72 -38% -54 17% 91 -44% 214 -23%
Reservoir fisheries NPV US$M 20 27% 0 0% -2 -44% -2 -19% 16 18%
Aquaculture production NPV US$M 42 33% 61 35% 86 98% -58 -8% 132 12%
Forest area reduction NPV US$M -36 27% 0 0% 3 -44% 3 -19% -29 19%
Recession rice NPV USSM -2 10% -11 112% -11 10% -4 50% -29 20%
Wetland area reduction NPV US$M 9 -34% 16 -33% 28 -19% -1 82% 53 -23%
Mitigation of salinity affected areas NPV US$M 0 0% 0 0% 0 0% 5 25% 5 25%
Reduction in eco-hotspot/biodiversity NPV US$M -50 0% -20 100% -65 100% 0 0% -135 159%
Total economic impacts NPV US$M 5,093 55% 1,655 84% 753 109% 395 7% 7,896 46%
Social assessment
No. of people at risk of loss of livelihood  '000 402 135% 155 337% 110 108% 10 2% 677 76%
Severity of impact on livelihoods Severity Midy negative 1 Neutal 0 Vi negative -1 Neutral 0 Madly negtive -1
No. of people employed in:
Irrigated agriculture '000 72 91% 119 53% 6 8% 14 41% 212 51%
Reservoir fisheries (incremental to BS)  '000 16 129% 0 0% 0 0% 1 46% 17 112%
Hydropower production '000 116 223% 2 33% 5 32% -3 -8% 120 116%
Aquaculture (incremental to BS) '000 26 94% 38 96% 37 188% 0 0% 101 40%
Overall assessment
Overall environment impact Severity Midly negative -1 Midly negative -1 Neutral 0 Neutal 0 Midy negative -1
Live' | hoods Sevevity Mildly negative -1 Neutral 0 Mildly negative -1 Neutral 0 Mildly negative -1
Economic production NPV USSM 5,122 54% 1,647 80% 855 66% 295 5% 7,919 43%
Other economic impacts NPV USSM -29 13% 8 -9% -102 17% 100 -65% -24 2%
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I Hydropower and storage Water
Irrigation areas
dams supply
Wet Dry No Installed Live Domestic &
season season capacity  storage industrial
Mha Mha GW BCM BCM pa.
Lao PDR 0.45 0.33 47 7.92 36.97 0.44
Thailand 2.64 0.43 7 0.74 3.57 3.57
Cambodia 0.46 0.38 2 0.48 0.38 0.88
Viet Nam - Highland 0.27 0.08 15 2.58 3.16 0.14
Viet Nam - Delta 1.53 0.66 - - - 1.10
Mainstream - - 6 7.50 211 -
Total LMB 5.34 1.88 77 19.23 46.18 4.38
UMB - - 6 15.45 23.19 -
Basin total 5.34 1.88 83 34.68 69.37 4.38
‘ Scenario run no.: 6100
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Scenario assessment results
Estimated total values

Assessment of Basin-wide Development Scenarios

Main Report

LMB 20-Year Plan Scenario with 6 mainstream
dams in Northern Lao PDR

Scenario run no. 6100

Assessment Lao PDR Thailand Cambodia Viet Nam Total
issue Unit Amount Amount Amount Amount Amount
Hydrological assessment
Key hydrological parameters: Location Vientiane Mudakhan Kratie Tan Chau Average
Monthly average dry season flow (March) m3/s 2,193 2,674 3,540 4,175 3,146
Average peak daily flow in wet season mals 13,713 23,590 43,405 20,466 25,293
Flow reversal in Tonle Sap: Location Prek Kdam TLS only
Average flow volume entering Tonle Sap MCM n/a n/a 28,339 n/a 28,339
Average date of flow reversal (+/-) Days n/a n/a 138 n/a 17-May
Land use and condition assessment
Total irrigated area '000ha 450 2,635 457 1,795 5,337
Total irrigated cropped area '000ha 820 3,624 877 4,404 9,725
Average area flooded: < 0.5m '000ha 21 23 221 431 697
Average area flooded: 0.5 - 1.0m '000ha 19 22 212 717 970
Average area flooded: 1.0 - 3.0m '000ha 71 77 668 635 1,450
Average area flooded: > 3.0m '000ha 219 167 947 3 1,336
Area lost to bank erosion Severity Positive 2 Postive 2 Midly negative: -1 Neutral 0 Neutral
Area affected by salinity of > 1.3gm/I '000ha 0 0 0 1,532 1,532
Water quality and geomorphology
Herbicide runoff tonnes / yr 6,721 29,874 3,483 26,352 66,430
Insecticide and fungicide runoff tonnes / yr 6,723 31,752 3,192 27,098 68,765
Nitrogen runoff from agriculture tonnes / yr 18,039 51,700 9,377 71,019 150,135
Phosphorus runoff from agriculture tonnes / yr 1,954 6,487 1,219 10,683 20,344
Nitrogen from waste water discharge tonnes / yr 13,209 14,974 9,396 14,435 52,014
Phosphorus from waste water discharge  tonnes/yr 3,963 4,492 2,819 4,330 15,604
BOD from waste water discharge tonnes / yr 49,534 56,152 35,234 54,130 195,051
Impact on water quality Severity Negative 2 Midy negative -1 Negative 2 Midy negative -1 Retaii 2
Change in sediment supply Severity Negative -2 Negative -2 Midly negative: -1 Midly negative: -1 Negative -2
Induced geomorphological changes Severity Midly negative -1 Midly negative -1 Neutral 0 Neutral 0 Midly negative -1
Production assessment
Hydropower generated GWh/yr 70,103 50,558 3,321 21,240 145,222
Reservoir fisheries Mtonne / yr 0 0 0 0 0
Flood damages USSM / yr 31 30 12 16 88
Agricultural production: rice Mtonne / yr 4 13 5 25 48
Agricultural production: non-rice Mtonne / yr 0 4 0 3 8
Capture fisheries production Mtonne / yr 0 1 1 0 2
Aquaculture production Mtonne / yr 0 0 0 3 4
Environmental assessment
Total wetland area: flooded forest '000ha o] 0 448 46 494
Total wetland area: marshes '000ha 6 10 501 0 517
Total wetland area: inundated grassland  '000ha 5 41 307 55 408
Tonle Sap only: flooded forest '000ha 0 0 448 0 448
Tonle Sap only: marshes '000ha 0 0 307 0 307
Tonle Sap only: inundated grassland '000ha 0 0 269 0 269
Forest area in reservoir areas '000ha 85 14 2 7 108
Number of viable deep pools No. 15 11 3 5 34
Status of river channel habitats Severity Negative -2 Negative -2 Neutral 0 Midly negative -1 Negative -1
Flagship species Survival Suniing Extinet Suniing Suniving Extinct
Environmental hot spots Severity Negative -2 Severelynegative -3 Negative -2 Neutral 0 Rt -2
Biodiversity condition Severity Severely negative -3 Negative -2 Negative -2 Midy negative -1 Rt -2
Economic assessment (net economic values)
Irrigated agricultural production NPV US$M 322 885 344 108 1,659
Hydropower generated NPV US$M 12,186 591 1,168 4,189 18,133
Hydropower imported/exported NPV US$M 7,784 2,976 462 958 12,180
Navigation NPV US$M 0 246 0 0 246
Flood damage mitigation NPV US$M 124 124 47 65 360
Capture fisheries reduction NPV US$M -133 -146 -471 -202 -952
Reservoir fisheries NPV US$M 120 0 2 11 132
Aquaculture production NPV US$M 168 235 174 684 1,261
Forest area reduction NPV US$M -210 0 -4 -14 -228
Recession rice NPV US$M -21 -22 -119 -13 -175
Wetland area reduction NPV US$M -18 -34 -125 -1 -178
Mitigation of salinity affected areas NPV US$M o] 0 o] 23 23
Reduction in eco-hotspot/biodiversity NPV US$M -50 -60 -130 0 -240
Total economic impacts NPV US$M 20,270 4,795 1,351 5,807 32,223
Social assessment
No. of people at risk of loss of livelihood 000 782 201 262 770 2,015
Severity of impact on livelihoods Severity Severely negative -3 Negative -2 Severely negative -3 Negative -2 Severely negative -3
No. of people employed in:
Irrigated agriculture '000 150 346 84 49 629
Reservoir fisheries (incremental to BS) 000 36 0 1 3 40
Hydropower production '000 318 20 20 29 387
Aquaculture (incremental to BS) '000 55 77 57 164 352
Overall assessment
Overall environment impact Severity Severelynegative -3 Negative 2 Negative 2 Midy negative -1 Retaii 2
Livelihoods Severity Severely negative -3 Negative -2 Severely negative -3 Negative -2 Severely negative B
Economic production NPV US$M 20,579 4,933 2,151 5,949 33,612
Other economic impacts NPV US$M -309 -138 -801 -142 -1,390
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Assessment of Basin-wide Development Scenarios

Main Report
Summary of scenario assessment LMB 20-Year Plan Scenario with 6 mainstream
Incremental values relative to Baseline dams in Northern Lao PDR
Scenario run no. 6100
Assessment Lao PDR Thailand Cambodia Viet Nam Total
issue Unit Amount  Percent  Amount  Percent Amount  Percent Amount  Pecent  Amount Percent
Hydrological assessment
Key hydrological parameters: Location Vientiane Mudakhan Kratie Tan Chau Average
Monthly average dry season flow (March) m3/s 1,093 99% 1,221 84% 1,343 61% 1,104 36% 1,190 61%
Average peak daily flow in wet season ma/s -2,208 -14% -1,911 -1% -3,358 1% -844 -4% -2,080 -8%
Flow reversal in Tonle Sap: Location Prek Kdam TLS only
Average flow volume entering Tonle Sap MCM n/a n/a -3,920 -12% n/a -3,920 -12%
Average date of flow reversal (+/-) Days n/a n/a -7 -5% n/a -7 -5%
Land use and condition assessment
Total irrigated area '000ha 245 120% 1,370 108% 183 67% -201 -10% 1,597 43%
Total irrigated cropped area '000ha 488 147% 2,202 155% 314 56% 93 2% 3,096 47%
Average area flooded: < 0.5m '000ha -3 -11% -1 -3% 36 20% 98 29% 131 23%
Average area flooded: 0.5 - 1.0m '000ha -5 -21% -2 -9% -20 -8% 48 % 21 2%
Average area flooded: 1.0 - 3.0m '000ha -14 -16% -13 -14% -44 -6% -160 -20% -231 -14%
Average area flooded: > 3.0m '000ha -53 -20% -65 -28% -108 -10% -2 -45% -228 -15%
Area lost to bank erosion Severity Positive: 2 Positive 2 Midly negative -1 Neutral 0 Neutral 1
Area affected by salinity of > 1.3gm/| '000ha 0 0% 0 0% 0 0% -319 -17% -319 -17%
Water quality and geomorphology
Herbicide runoff tonnes / yr 5,258 359% 18,113 154% 2,575 284% 3,524 15% 29,470 80%
Insecticide and fungicide runoff tonnes / yr 4,783 247% 18,087 132% 1,737 119% 1,378 5% 25,985 61%
Nitrogen runoff from agriculture tonnes /yr 14,668 435% 40,070 345% 6,922 282% 7,469 12% 69,128 85%
Phosphorus runoff from agriculture tonnes / yr 1,647 535% 5,248 424% 938 334% 2,354 28% 10,187 100%
Nitrogen from waste water discharge tonnes /yr 4,580 53% 997 % 2,763 42% 4,539 46% 12,879 33%
Phosphorus from waste water discharge tonnes/yr 1,374 53% 299 7% 829 42% 1,362 46% 3,864 33%
BOD from waste water discharge tonnes / yr 17,175 53% 3,738 % 10,362 42% 17,020 46% 48,296 33%
Impact on water quality Severity Negalve 2 Midy negaive 1 Negative 2 Midy negatve 1 Raczke 2
Change in sediment supply Severity Negative -2 Negative -2 Midy negative -1 Mildly negative -1 Negative -2
Induced geomorphological changes Severity Mikdly negatve -1 Wiy negative -1 Neutral 0 Neutral 0 Midy negative -1
Production assessment
Hydropower generated GWh/yr 67,071 2212% 48,155 2004% 3,321 0% 17,581 481% 136,129 1497%
Reservoir fisheries Mtonne / yr 0 56% 0 0% 0 2% 0 11% 0 18%
Flood damages US$M /yr -39 -56% -37 -55% -15 -56% -40 -72% -131 -60%
Agricultural production: rice Mtonne / yr 3 370% 9 220% 3 176% 7 42% 23 92%
Agricultural production: non-rice Mtonne / yr 0 744% 3 226% 0 140% 1 56% 4 132%
Capture fisheries production Mtonne / yr -0 -16% -0 -5% -0 -18% -0 -16% -0 -12%
Aquaculture production Mtonne / yr 0 161% 0 158% 0 91% 2 100% 2 105%
Environmental assessment
Total wetland area: flooded forest '000ha 0 0% 0 0% -4 -1% -0 0% -4 -1%
Total wetland area: marshes '000ha -2 -24% -2 -19% -16 -3% -0 0% -21 -4%
Total wetland area: inundated grassland ~ '000ha -4 -44% -9 -18% -10 -3% -0 0% -23 -5%
Tonle Sap only: flooded forest '000ha 0 0% 0 0% -4 -1% 0 0% -4 -1%
Tonle Sap only: marshes '000ha 0 0% 0 0% -3 -1% 0 0% -3 -1%
Tonle Sap only: inundated grassland '000ha 0 0% 0 0% -8 -3% 0 0% -8 -3%
Forest area in reservoir areas '000ha 72 528% 0 0% 1 92% 5 236% 78 253%
Number of viable deep pools No. -5 -25% -6 -35% -2 -40% 0 0% -13 -28%
Status of river channel habitats Severity Negative -2 Negative -2 Neutral 0 Midly negative -1 Negative -1
Flagship species Survival n/a n/a n/a n/a n/a
Environmental hot spots Severity Negative 2 Severslynegatie -3 Negative 2 Neutral 0 Negative 2
Biodiversity condition Severity Severely negative -3 Negatve 2 Negative 2 iy negative -1 (g 2
Economic assessment (net economic values)
Irrigated agricultural production NPV US$M 322 0% 885 0% 344 0% 108 0% 1,659 0%
Hydropower generated NPV US$M 9,892 431% 100 20% 1,168 0% 2,477 145% 13,638 303%
Hydropower imported/exported NPV US$M 7,443 2186% 2,767  1323% 462 0% 691 259% 11,364 1392%
Navigation NPV US$M 0 0% 64 35% 0 0% 0 0% 64 35%
Flood damage mitigation NPV US$M 124 0% 124 0% 47 0% 65 0% 360 0%
Capture fisheries reduction NPV US$M -133 0% -146 0% -471 0% -202 0% -952 0%
Reservoir fisheries NPV US$M 120 0% 0 0% 2 0% 11 0% 132 0%
Aquaculture production NPV US$M 168 0% 235 0% 174 0% 684 0% 1,261 0%
Forest area reduction NPV US$M -210 0% 0 0% -4 0% -14 0% -228 0%
Recession rice NPV USSM -21 0% -22 0% -119 0% -13 0% -175 0%
Wetland area reduction NPV US$M -18 0% -34 0% -125 0% -1 0% -178 0%
Mitigation of salinity affected areas NPV US$M 0 0% 0 0% 0 0% 23 0% 23 0%
Reduction in eco-hotspot/biodiversity NPV US$M -50 0% -60 0% -130 0% 0 0% -240 0%
Total economic impacts NPV US$M 17,636 670% 3,913 444% 1,351 0% 3,828 193% 26,728 486%
Social assessment
No. of people at risk of loss of livelihood 000 782 0% 201 0% 262 0% 770 0% 2,015 0%
Severity of impact on livelihoods Severity Severely negative -3 Negalive 2 Sovereynegatve -3 Negatve 2 T 3
No. of people employed in:
Irrigated agriculture '000 72 91% 119 53% 6 8% 14 41% 212 51%
Reservoir fisheries (incremental to BS) 000 36 0% 0 0% 1 0% 3 0% 40 0%
Hydropower production '000 318 0% 20 0% 20 0% 29 0% 387 0%
Aquaculture (incremental to BS) '000 55 0% 77 0% 57 0% 164 0% 352 0%
Overall assessment
Overall environment impact Severity Severely negative -3 Negatve -2 Negative -2 Vil negative -1 Negative -2
Livelihoods Severity Severely negative -3 Negative -2 Severely negative -3 Negative -2 Severely negative -3
Economic production NPV USSM 17,945 681% 4,051 459% 2,151 0% 3,970 201% 28,118 512%
Other economic impacts NPV USSM -309 0% -138 0% -801 0% -142 0% -1,390 0%
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Assessment of Basin-wide Development Scenarios

Main Report
Summary of scenario assessment LMB 20-Year Plan Scenario with 6 mainstream
Incremental values relative to Definite Future Scenario dams in Northern Lao PDR
Scenario run no. 6100
Assessment Lao PDR Thailand Cambodia Viet Nam Total
issue Unit Amount  Pecent  Amount  Percent  Amount Percent Amount  Percent  Amount  Percent
Hydrological assessment
Key hydrological parameters: Location Vientiane Mudakhan Kratie Tan Chau Average
Monthly average dry season flow (March) m3/s 333 18% 302 13% 471 15% 278 % 346 12%
Average peak daily flow in wet season mals -100 -1% -443 -2% -1,718 -4% -364 -2% -656 -3%
Flow reversal in Tonle Sap: Location Prek Kdam TLS only
Average flow volume entering Tonle Sap MCM n/a n/a -1,402 -5% n/a -1,402
Average date of flow reversal (+/-) Days n/a n/a -4 -3% n/a -4
Land use and condition assessment
Total irrigated area '000ha 283 170% 1,281 95% 183 67% 125 7% 1,872 54%
Total irrigated cropped area '000ha 549 203% 1,868 106% 314 56% 186 4% 2,918 43%
Average area flooded: < 0.5m '000ha -1 -5% -0 -1% 5 2% 23 6% 27 4%
Average area flooded: 0.5 - 1.0m '000ha -0 -2% 0 0% 4 2% 4 1% 7 1%
Average area flooded: 1.0 - 3.0m '000ha -2 -3% -3 -3% -8 -1% -32 -5% -45 -3%
Average area flooded: > 3.0m '000ha -8 -3% -9 -5% -30 -3% -0 -11% -47 -3%
Area lost to bank erosion Severity Midy positive 1 Midly positive 1 Midy negative -1 Neutral 0 Neutral 0
Area affected by salinity of > 1.3gm/| '000ha 0 0% 0 0% 0 0% -47 -3% -47 -3%
Water quality and geomorphology
Herbicide runoff tonnes / yr 5,258 359% 18,113 154% 2,575 284% 3,524 15% 29,470 80%
Insecticide and fungicide runoff tonnes / yr 4,783 247% 18,087 132% 1,737 119% 1,378 5% 25,985 61%
Nitrogen runoff from agriculture tonnes / yr 14,668 435% 40,070 345% 6,922 282% 7,469 12% 69,128 85%
Phosphorus runoff from agriculture tonnes / yr 1,647 535% 5,248 424% 938 334% 2,354 28% 10,187 100%
Nitrogen from waste water discharge tonnes / yr 4,580 53% 997 7% 2,763 42% 4,539 46% 12,879 33%
Phosphorus from waste water discharge tonnes/yr 1,374 53% 299 7% 829 42% 1,362 46% 3,864 33%
BOD from waste water discharge tonnes / yr 17,175 53% 3,738 % 10,362 42% 17,020 46% 48,296 33%
Impact on water quality Severity Saverely negaiive -3 Negative 2 Severely negative 3 Negaiive -2 Severely negaive -3
Change in sediment supply Severity Neutral 0 Neutral 0 Neutral 0 Midly negative -1 Midly negative -0
Induced geomorphological changes Severity Neutral 0 Neutral 0 Neutral 0 Neutral 0 Neutral 0
Production assessment
Hydropower generated GWh /yr 53,700 327% 38,379 315% 986 42% 7,647 56% 100,712 226%
Reservoir fisheries Mtonne / yr 0 31% 0 0% 0 0% 0 3% 0 10%
Flood damages USSM /yr 3 10% 3 13% 4 46% 6 70% 16 23%
Agricultural production: rice Mtonne / yr 3 370% 9 220% 3 176% 7 42% 23 92%
Agricultural production: non-rice Mtonne / yr 0 744% 3 226% 0 140% 1 56% 4 132%
Capture fisheries production Mtonne / yr -0 -1% -0 -1% -0 -12% -0 -8% -0 -6%
Aquaculture production Mtonne / yr 0 36% 0 42% 0 45% 1 33% 1 35%
Environmental assessment
Total wetland area: flooded forest '000ha 0 0% 0 0% -2 0% -0 0% -2 0%
Total wetland area: marshes '000ha -0 -4% -0 -4% -5 -1% -0 0% £5) -1%
Total wetland area: inundated grassland ~ '000ha -1 -12% -1 -3% -3 -1% -0 0% -5 -1%
Tonle Sap only: flooded forest '000ha 0 0% 0 0% -2 0% 0 0% -2 0%
Tonle Sap only: marshes '000ha 0 0% 0 0% -1 0% 0 0% -1 0%
Tonle Sap only: inundated grassland '000ha 0 0% 0 0% -3 -1% 0 0% -3 -1%
Forest area in reservoir areas '000ha 47 123% 0 0% 0 0% 2 29% 48 81%
Number of viable deep pools No. -5 -25% -6 -35% -2 -40% 0 0% -13 -28%
Status of river channel habitats Severity Midly negative -1 Midly negative -1 Neutral 0 Midly negative -1 Midly negative -1
Flagship species Survival n/a n/a n/a n/a n/a
Environmental hot spots Severity Negative -2 Negalive -2 Negative -1 Neutral 0 Negative -1
Biodiversity condition Severity Negative -2 Midy negaive -1 Midy negative -1 Neutral 0 Midy negative =il
Economic assessment (net economic values)
Irrigated agricultural production NPV US$M 322 0% 885 0% 344 0% 108 0% 1,659 0%
Hydropower generated NPV US$M 4,500 59% 0 0% 420 56% 368 10% 5,288 41%
Hydropower imported/exported NPV US$M 6,217 397% 1,916 181% 5 1% 84 10% 8,222 208%
Navigation NPV US$M 0 0% 0 0% 0 0% 0 0% 0 0%
Flood damage mitigation NPV US$M -55 -31% -48 -28% -4 -8% 5 8% -102 -22%
Capture fisheries reduction NPV US$M 95 -42% 41 -22% -147 45% 5 -2% -6 1%
Reservoir fisheries NPV US$M 46 61% 0 0% -2 -44% -2 -19% 42 46%
Aquaculture production NPV US$M 42 33% 61 35% 86 98% -58 -8% 132 12%
Forest area reduction NPV US$M -80 62% 0 0% 3 -44% 3 -19% -74 48%
Recession rice NPV US$M -2 12% -11 112% -13 12% -4 50% -31 22%
Wetland area reduction NPV US$M 8 -31% 14 -29% 28 -19% -1 82% 50 -22%
Mitigation of salinity affected areas NPV US$M 0 0% 0 0% 0 0% 3 15% 3 15%
Reduction in eco-hotspot/biodiversity NPV US$M -50 0% -40 200% -65 100% 0 0% -155 182%
Total economic impacts NPV US$M 11,041 120% 2,818 143% 657 95% 511 10% 15,028 87%
Social assessment
No. of people at risk of loss of livelihood 000 485 163% 155 337% 160 157% 328 74% 1,128 127%
Severity of impact on livelihoods Severity Midy negative -1 Midy negative -1 Negative 2 Midly negafive -1 Peaaive 1
No. of people employed in:
Irrigated agriculture '000 72 91% 119 53% 6 8% 14 41% 212 51%
Reservoir fisheries (incremental to BS) 000 23 190% 0 0% 0 0% 1 46% 24 161%
Hydropower production '000 266 512% 14 279% 5 32% -3 -8% 283 273%
Aquaculture (incremental to BS) '000 26 94% 38 96% 37 188% 0 0% 101 40%
Overall assessment
Overall environment impact Severity Negate 2 Midy negative -1 Midy negative 1 Neutral 0 e 1
Livelihoods Severity Mildly negative -1 Mildly negative -1 Negative -2 Mildly negative -1 Negative -1
Economic production NPV US$M 11,126 118% 2,862 138% 855 66% 500 9% 15,343 84%
Other economic impacts NPV US$M -85 38% -44 48% -198 33% 11 7% -315 29%
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LMB 20-Year Plan Scenario with 9 mainstream

dams (excl. Thai m/stream)

—— Hydropower and storage Water
Irrigation areas

dams supply

Wet Dry Installed Live Domestic &
season season capacity  storage industrial
Mha Mha GW BCM BCM pa.
Lao PDR 0.45 0.33 47 7.92 36.97 0.44
Thailand 2.64 0.43 7 0.74 3.57 3.57
Cambodia 0.46 0.38 2 0.48 0.38 0.88
Viet Nam - Highland 0.27 0.08 15 2.58 3.16 0.14
Viet Nam - Delta 1.53 0.66 - - - 1.10
Mainstream - - 9 11.75 4.61 -
Total LMB 5.34 1.88 80 23.47 48.68 4.38
UMB - - 6 15.45 23.19 -
Basin total 5.34 1.88 86 38.92 71.87 4.38

Scenario run no.: 6200

Wandalay

Rangoan

Thailand

e

=

00-»---3

Planned mainshesm dam
Exisfing maietream dam
Urider construchon dam

Easting tnbutary dam
Under construction dam
Plarned mibutary dam

Wet season irrigated area

Dry season irrigated area

Source: BDP2 scenario datasets, April 2010 = =
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Scenario assessment results
Estimated total values

Assessment of Basin-wide Development Scenarios
Main Report

LMB 20-Year Plan Scenario with 9 mainstream
dams, excl Thailand

Scenario run no. 6200

Assessment Lao PDR Thailand Cambodia Viet Nam Total
issue Unit Amount Amount Amount Amount Amount
Hydrological assessment
Key hydrological parameters: Location Vientiane Mudakhan Kratie Tan Chau Average
Monthly average dry season flow (March) m3is 2,195 2,675 3,531 4,175 3,144
Average peak daily flow in wet season m3/s 13,540 23,417 43,307 20,466 25,182
Flow reversal in Tonle Sap: Location Prek Kdam TLS only
Average flow volume entering Tonle Sap MCM n/a n/a 28,340 n/a 28,340
Average date of flow reversal (+/-) Days n/a n/a 138 n/a 17-May
Land use and condition assessment
Total irrigated area '000ha 450 2,635 457 1,795 5,337
Total irrigated cropped area '000ha 820 3,624 877 4,404 9,725
Average area flooded: < 0.5m '000ha 21 23 221 431 697
Average area flooded: 0.5 - 1.0m '000ha 19 22 212 717 970
Average area flooded: 1.0 - 3.0m '000ha 71 77 668 635 1,450
Average area flooded: > 3.0m '000ha 219 167 947 3 1,336
Area lost to bank erosion Severity Midly negative A Midly negative -1 Midly negative -1 Neutral 0 Neutral
Area affected by salinity of > 1.3gm/I '000ha 0 0 0 1,563 1,563
Water quality and geomorphology
Herbicide runoff tonnes / yr 6,721 29,874 3,483 26,352 66,430
Insecticide and fungicide runoff tonnes / yr 6,723 31,752 3,192 27,098 68,765
Nitrogen runoff from agriculture tonnes / yr 18,039 51,700 9,377 71,019 150,135
Phosphorus runoff from agriculture tonnes / yr 1,954 6,487 1,219 10,683 20,344
Nitrogen from waste water discharge tonnes / yr 13,209 14,974 9,396 14,435 52,014
Phosphorus from waste water discharge  tonnes /yr 3,963 4,492 2,819 4,330 15,604
BOD from waste water discharge tonnes / yr 49,534 56,152 35,234 54,130 195,051
Impact on water quality Severity Negative 2 Midy negative -1 Negative 2 Midy negative -1 gt -2
Change in sediment supply Severity Severely negative -3 Severely negatve -3 Negatve -2 Negative -2 Severely negative -3
Induced geomorphological changes Severity Negative -2 Negative -2 Midly negative -1 Mildy negative -1 Negative -2
Production assessment
Hydropower generated GWh/yr 70,664 51,691 23,061 35,058 180,474
Reservoir fisheries Mtonne / yr 0 0 0 0 0
Flood damages US$M / yr 31 30 12 16 88
Agricultural production: rice Mtonne / yr 4 13 5 25 48
Agricultural production: non-rice Mtonne / yr 0 4 0 3 8
Capture fisheries production Mtonne / yr 0 1 0 0 2
Aquaculture production Mtonne / yr 0 0 0 3 4
Environmental assessment
Total wetland area: flooded forest '000ha 0 0 448 46 494
Total wetland area: marshes '000ha 6 10 501 0 517
Total wetland area: inundated grassland ~ '000ha 5 41 307 55 408
Tonle Sap only: flooded forest '000ha 0 0 448 0 448
Tonle Sap only: marshes '000ha 0 0 307 0 307
Tonle Sap only: inundated grassland '000ha 0 0 269 0 269
Forest area in reservoir areas '000ha 86 14 43 7 150
Number of viable deep pools No. 12 13 3 5 23
Status of river channel habitats Severity Negative -2 Negative -2 Mildly negative -1 Mildly negative -1 Negative -2
Flagship species Survival Extinct Extinct Surviving Surviving Extinet
Environmental hot spots Severity Severelynegatie -3 Severelynegatie -3 Severely negative -3 Neutral 0 CHEEEED -2
Biodiversity condition Severity Severely negative -3 Severely negative -3 Severely negative -3 Midly negative -1 Severely negative -3
Economic assessment (net economic values)
Irrigated agricultural production NPV USSM 322 885 344 108 1,659
Hydropower generated NPV US$M 13,118 591 1,315 4,659 19,682
Hydropower imported/exported NPV USSM 8,206 3,032 2,031 1,066 14,335
Navigation NPV USSM 0 246 0 0 246
Flood damage mitigation NPV USSM 124 124 47 65 360
Capture fisheries reduction NPV USSM -170 -146 -1,137 -460 -1,914
Reservoir fisheries NPV USSM 121 0 70 11 202
Aquaculture production NPV USSM 168 235 174 684 1,261
Forest area reduction NPV US$M -212 0 -122 -14 -349
Recession rice NPV USSM -21 -22 -122 -13 -178
Wetland area reduction NPV USSM -18 -34 -169 -4 -225
Mitigation of salinity affected areas NPV USSM 0 0 0 21 21
Reduction in eco-hotspot/biodiversity NPV USSM -75 -60 -195 0 -330
Total economic impacts NPV US$M 21,561 4,852 2,237 6,121 34,771
Social assessment
No. of people at risk of loss of livelihood  '000 907 515 1,212 1,725 4,359
Severity of impact on livelihoods Severity Severely negatie -3 Negative 2 Exremely negatie -4 Negative -2 EIZFT 0 3
No. of people employed in:
Irrigated agriculture '000 150 346 84 49 629
Reservoir fisheries (incremental to BS)  '000 36 0 21 3 60
Hydropower production '000 336 6 163 29 534
Aquaculture (incremental to BS) '000 55 77 57 164 352
Overall assessment
Overall environment impact Severity Severelynegatie -3 Severdynegatie -3 Severclynegatie -3 Midy negative -1 Severely negative 3
Livelihoods Severity Severely negative -3 Negative -2 Extremely negative -4 Negative -2 Severely negative -3
Economic production NPV USSM 21,934 4,990 3,934 6,527 37,386
Other economic impacts NPV USSM -373 -138 -1,698 -406 -2,615
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Assessment of Basin-wide Development Scenarios

Main Report
Summary of scenario assessment LMB 20-Year Plan Scenario with 9 mainstream
Incremental values relative to Baseline dams, excl Thailand
Scenario run no. 6200
Assessment Lao PDR Thailand Cambodia Viet Nam Total
issue Unit Amount  Percent  Amount  Percent Amount Pecent Amount  Pecent  Amount Percent
Hydrological assessment
Key hydrological parameters: Location Vientiane Mudakhan Kratie Tan Chau Average
Monthly average dry season flow (March) m3/s 1,095 100% 1,223 84% 1,333 61% 1,104 36% 1,189 61%
Average peak daily flow in wet season ma/s -2,381 -15% -2,084 -8% -3,456 1% -844 -4% -2,191 -8%
Flow reversal in Tonle Sap: Location Prek Kdam TLS only
Average flow volume entering Tonle Sap MCM n/a n/a -3,918 -12% n/a -3,918 -12%
Average date of flow reversal (+/-) Days n/a n/a -7 -5% n/a -7 -5%
Land use and condition assessment
Total irrigated area '000ha 245 120% 1,370 108% 183 67% -201 -10% 1,597 43%
Total irrigated cropped area '000ha 488 147% 2,202 155% 314 56% 93 2% 3,096 47%
Average area flooded: < 0.5m '000ha -3 -11% -1 -3% 36 20% 98 29% 131 23%
Average area flooded: 0.5 - 1.0m '000ha -5 -21% -2 -9% -20 -8% 48 % 21 2%
Average area flooded: 1.0 - 3.0m '000ha -14 -16% -13 -14% -44 -6% -160 -20% -231 -14%
Average area flooded: > 3.0m '000ha -53 -20% -65 -28% -108 -10% -2 -45% -228 -15%
Area lost to bank erosion Severity Midly negative -1 Midly negative -1 Midy negative -1 Neutral 0 Midy negative -1
Area affected by salinity of > 1.3gm/| '000ha 0 0% 0 0% 0 0% -288 -16% -288 -16%
Water quality and geomorphology
Herbicide runoff tonnes /yr 5258  350% | 18,113  154% 2,575  284% 3,524 15% 29,470 80%
Insecticide and fungicide runoff tonnes / yr 4,783 247% 18,087 132% 1,737 119% 1,378 5% 25,985 61%
Nitrogen runoff from agriculture tonnes /yr 14,668 435% 40,070 345% 6,922 282% 7,469 12% 69,128 85%
Phosphorus runoff from agriculture tonnes / yr 1,647 535% 5,248 424% 938 334% 2,354 28% 10,187 100%
Nitrogen from waste water discharge tonnes /yr 4,580 53% 997 % 2,763 42% 4,539 46% 12,879 33%
Phosphorus from waste water discharge tonnes/yr 1,374 53% 299 % 829 42% 1,362 46% 3,864 33%
BOD from waste water discharge tonnes / yr 17,175 53% 3,738 7% 10,362 42% 17,020 46% 48,296 33%
Impact on water quality Severity Negative 2 Midly negative -1 Negative 2 Midy negative -1 Negative 2
Change in sediment supply Severity Severaly negative -3 Severely negalive -3 Negative -2 Negative 2 Severely negative -3
Induced geomorphological changes Severity Negative -2 Negative -2 Mildy negative B Midly negative -1 Negatve 2
Production assessment
Hydropower generated GWh/yr 67,632 2231% 49,288 2051% 23,061 0% 31,399 858% 171,381 1885%
Reservoir fisheries Mtonne / yr 0 56% 0 0% 0 81% 0 11% 0 27%
Flood damages US$M /yr -39 -56% -37 -55% -15 -56% -40 -72% -131 -60%
Agricultural production: rice Mtonne / yr 3 370% 9 220% 3 176% 7 42% 23 92%
Agricultural production: non-rice Mtonne / yr 0 744% 3 226% 0 140% 1 56% 4 132%
Capture fisheries production Mtonne / yr -0 -21% -0 -5% -0 -44% -0 -37% -1 -25%
Aquaculture production Mtonne / yr 0 161% 0 158% 0 91% 2 100% 2 105%
Environmental assessment
Total wetland area: flooded forest '000ha 0 0% 0 0% -4 -1% -0 0% -4 -1%
Total wetland area: marshes '000ha -2 -24% -2 -19% -16 -3% -0 0% -21 -4%
Total wetland area: inundated grassland  '000ha -4 -44% -9 -18% -10 -3% -0 0% -23 -5%
Tonle Sap only: flooded forest '000ha 0 0% 0 0% -4 -1% 0 0% -4 -1%
Tonle Sap only: marshes '000ha 0 0% 0 0% -3 -1% 0 0% -3 -1%
Tonle Sap only: inundated grassland '000ha 0 0% 0 0% -8 -3% 0 0% -8 -3%
Forest area in reservoir areas '000ha 72 534% 0 0% 42 3346% 5 236% 119 389%
Number of viable deep pools No. -8 -40% -4 -24% -2 -40% 0 0% -14 -30%
Status of river channel habitats Severity Negative -2 Negative -2 Midly negative -1 Midly negative -1 Negative 2
Flagship species Survival n/a n/a n/a n/a n/a
Environmental hot spots Severity Severely negative -3 Severely negative -3 Severely negative -3 Neutral [ Severely negative £2
Biodiversity condition Severity Severely negative -3 Severely negative -3 Severely negative -3 Midly negative -1 Severely negative -3
Economic assessment (net economic values)
Irrigated agricultural production NPV US$M 322 0% 885 0% 344 0% 108 0% 1,659 0%
Hydropower generated NPV US$M 10,825 472% 100 20% 1,315 0% 2,948 172% 15,187 338%
Hydropower imported/exported NPV US$M 7,865 2310% 2,823 1350% 2,031 0% 799 299% 13,519 1655%
Navigation NPV US$M 0 0% 64 35% 0 0% 0 0% 64 35%
Flood damage mitigation NPV US$M 124 0% 124 0% 47 0% 65 0% 360 0%
Capture fisheries reduction NPV US$M -170 0% -146 0% -1,137 0% -460 0% -1,914 0%
Reservoir fisheries NPV US$M 121 0% 0 0% 70 0% 11 0% 202 0%
Aquaculture production NPV US$M 168 0% 235 0% 174 0% 684 0% 1,261 0%
Forest area reduction NPV US$M -212 0% 0 0% -122 0% -14 0% -349 0%
Recession rice NPV US$M -21 0% -22 0% -122 0% -13 0% -178 0%
Wetland area reduction NPV US$M -18 0% -34 0% -169 0% -4 0% -225 0%
Mitigation of salinity affected areas NPV US$M 0 0% 0 0% 0 0% 21 0% 21 0%
Reduction in eco-hotspot/biodiversity NPV US$M =75 0% -60 0% -195 0% 0 0% -330 0%
Total economic impacts NPV US$M 18,927 719% 3,970 450% 2,237 0% 4,143 209% 29,276 533%
Social assessment
No. of people at risk of loss of livelihood 000 907 0% 515 0% 1,212 0% 1,725 0% 4,359 0%
Severity of impact on livelihoods Severity Severely negative -3 Negative -2 Exremely negative -4 Negative 2 Severnlynogehe -3
No. of people employed in:
Irrigated agriculture '000 72 91% 119 53% 6 8% 14 41% 212 51%
Reservoir fisheries (incremental to BS) 000 36 0% 0 0% 21 0% 3 0% 60 0%
Hydropower production '000 336 0% 6 0% 163 0% 29 0% 534 0%
Aquaculture (incremental to BS) '000 55 0% 77 0% 57 0% 164 0% 352 0%
Overall assessment
Overall environment impact Severity Severely negative -3 Severely negative -3 Severslynegatie -3 iy negative -1 ez -3
Livelihoods Severity Severcynegatve -3 Negetire 2 [ Edremeynegatie -4 Negatve 2 Severslyneglire <
Economic production NPV USSM 19,301 733% 4,107 466% 3,934 0% 4,549 230% 31,891 580%
Other economic impacts NPV USSM -373 0% -138 0% -1,698 0% -406 0% -2,615 0%
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Summary of scenario assessment LMB 20-Year Plan Scenario with 9 mainstream
Incremental values relative to Definite Future Scenario dams, excl Thailand
Scenario run no. 6200
Assessment Lao PDR Thailand Cambodia Viet Nam Total
issue Unit Amount  Pecet Amount  Percent ~Amount Percent Amount  Percent Amount Percent
Hydrological assessment
Key hydrological parameters: Location Vientiane Mudakhan Kratie Tan Chau Average
Monthly average dry season flow (March) m3/s 335 18% 303 13% 462 15% 278 % 344 12%
Average peak daily flow in wet season m3ls -273 -2% -615 -3% -1,816 -4% -364 -2% -767 -3%
Flow reversal in Tonle Sap: Location Prek Kdam TLS only
Average flow volume entering Tonle Sap MCM n/a n/a -1,400 -5% n/a -1,400
Average date of flow reversal (+/-) Days n/a n/a -4 -3% n/a -4
Land use and condition assessment
Total irrigated area '000ha 283 170% 1,281 95% 183 67% 125 7% 1,872 54%
Total irrigated cropped area '000ha 549 203% 1,868 106% 314 56% 186 4% 2,918 43%
Average area flooded: < 0.5m '000ha -1 -5% -0 -1% 5 2% 23 6% 27 4%
Average area flooded: 0.5 - 1.0m '000ha -0 -2% 0 0% 4 2% 4 1% 7 1%
Average area flooded: 1.0 - 3.0m '000ha -2 -3% -3 -3% -8 -1% -32 -5% -45 -3%
Average area flooded: > 3.0m '000ha -8 -3% -9 -5% -30 -3% -0 -11% -47 -3%
Area lost to bank erosion Severity Negative -2 Negative: -2 Midly negative -1 Neutral 0 Negative -1
Area affected by salinity of > 1.3gm/| '000ha 0 0% 0 0% 0 0% -16 -1% -16 -1%
Water quality and geomorphology
Herbicide runoff tonnes / yr 5,258 359% 18,113 154% 2,575 284% 3,524 15% 29,470 80%
Insecticide and fungicide runoff tonnes / yr 4,783 247% 18,087 132% 1,737 119% 1,378 5% 25,985 61%
Nitrogen runoff from agriculture tonnes / yr 14,668 435% 40,070 345% 6,922 282% 7,469 12% 69,128 85%
Phosphorus runoff from agriculture tonnes / yr 1,647 535% 5,248 424% 938 334% 2,354 28% 10,187 100%
Nitrogen from waste water discharge tonnes / yr 4,580 53% 997 % 2,763 42% 4,539 46% 12,879 33%
Phosphorus from waste water discharge tonnes/yr 1,374 53% 299 7% 829 42% 1,362 46% 3,864 33%
BOD from waste water discharge tonnes / yr 17,175 53% 3,738 7% 10,362 42% 17,020 46% 48,296 33%
Impact on water quality Severity Saverely negaiive -3 Negative 2 Severely negative 3 Negaiive -2 Severe negive -3
Change in sediment supply Severity Midy negative -1 iy negative -1 Midy negative -1 Negative 2 Negative -1
Induced geomorphological changes Severity Midy negative -1 Midy negative -1 Midly negative -1 Midly negative -1 Midy negative -1
Production assessment
Hydropower generated GWh/yr 54,261 331% 39,512 324% 20,726 888% 21,465 158% 135,964 305%
Reservoir fisheries Mtonne / yr 0 31% 0 0% 0 78% 0 3% 0 19%
Flood damages USSM /yr 3 10% 3 13% 4 46% 6 70% 16 23%
Agricultural production: rice Mtonne / yr 3 370% 9 220% 3 176% 7 42% 23 92%
Agricultural production: non-rice Mtonne / yr 0 744% 3 226% 0 140% 1 56% 4 132%
Capture fisheries production Mtonne / yr -0 -6% -0 -1% -0 -40% -0 -31% -0 -19%
Agquaculture production Mtonne / yr 0 36% 0 42% 0 45% 1 33% 1 35%
Environmental assessment
Total wetland area: flooded forest '000ha 0 0% 0 0% -2 0% -0 0% -2 0%
Total wetland area: marshes '000ha -0 -4% -0 -4% -5 -1% -0 0% £5) -1%
Total wetland area: inundated grassland ~ '000ha -1 -12% -1 -3% -3 -1% -0 0% -5 -1%
Tonle Sap only: flooded forest '000ha 0 0% 0 0% -2 0% 0 0% -2 0%
Tonle Sap only: marshes '000ha 0 0% 0 0% -1 0% 0 0% -1 0%
Tonle Sap only: inundated grassland '000ha 0 0% 0 0% -3 -1% 0 0% -3 -1%
Forest area in reservoir areas '000ha 48 125% 0 0% 41 1693% 2 29% 90 150%
Number of viable deep pools No. -8 -40% -4 -24% -2 -40% 0 0% -14 -30%
Status of river channel habitats Severity Midly negative -1 Midly negative -1 Midy negative -1 Midly negative -1 Midly negative -1
Flagship species Survival n/a n/a n/a n/a n/a
Environmental hot spots Severity Severely negative -3 Negate -2 Severely negative 2 Neutral 0 Negative 2
Biodiversity condition Severity Negative -2 Negative 2 Negtiv 2 Neuirel 0 Negaivv 2
Economic assessment (net economic values)
Irrigated agricultural production NPV US$M 322 0% 885 0% 344 0% 108 0% 1,659 0%
Hydropower generated NPV US$M 5,432 71% 0 0% 567 76% 839 22% 6,837 53%
Hydropower imported/exported NPV US$M 6,638 424% 1,972 186% 1,574 345% 192 22% 10,377 262%
Navigation NPV US$M 0 0% 0 0% 0 0% 0 0% 0 0%
Flood damage mitigation NPV US$M -55 -31% -48 -28% -4 -8% 5 8% -102 -22%
Capture fisheries reduction NPV US$M 58 -25% 41 -22% -814 251% -254 123% -968 102%
Reservoir fisheries NPV US$M 47 63% 0 0% 66 1920% -2 -19% 111 122%
Aquaculture production NPV US$M 42 33% 61 35% 86 98% -58 -8% 132 12%
Forest area reduction NPV US$M -83 64% 0 0% -116 1840% 3 -19% -195 127%
Recession rice NPV US$M -2 12% -11 112% -16 15% -4 51% -34 23%
Wetland area reduction NPV US$M 8 -31% 14 -29% -15 10% -4 587% 3 -1%
Mitigation of salinity affected areas NPV US$M 0 0% 0 0% 0 0% 1 5% 1 5%
Reduction in eco-hotspot/biodiversity NPV US$M -75 0% -40 200% -130 200% 0 0% -245 288%
Total economic impacts NPV US$M 12,332 134% 2,874 145% 1,543 223% 826 16% 17,576 102%
Social assessment
No. of people at risk of loss of livelihood 000 610 205% 469  1020% 1,110 1088% 1,283 290% 3,472 391%
Severity of impact on livelihoods Severity Midy negative -1 Midy negative -1 Severely negative 3 Midy negafive -1 Negative 2
No. of people employed in:
Irrigated agriculture '000 72 91% 119 53% 6 8% 14 41% 212 51%
Reservoir fisheries (incremental to BS) 000 24 193% 0 0% 20 3497% 1 46% 45 298%
Hydropower production '000 284 545% 1 21% 148 963% -3 -8% 430 415%
Agquaculture (incremental to BS) '000 26 94% 38 96% 37 188% 0 0% 101 40%
Overall assessment
Overall environment impact Severity Negate 2 Negatie -2 Negative 2 Neutral 0 (gt 2
Livelihoods Severity Mildly negative -1 Mildly negative -1 Severely negative -3 Midly negative -1 Negative -2
Economic production NPV USSM 12,481 132% 2,919 141% 2,638 203% 1,078 20% 19,116  105%
Other economic impacts NPV USSM -149 66% -44 48% -1,094 181% -252 164% -1,540  143%
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Scenario assessment results
Estimated total values

Assessment of Basin-wide Development Scenarios

Main Report

LMB 20-Year Plan Scenario with 9 mainstream
dams, excl Cambodia

Scenario run no. 6300

Assessment Lao PDR Thailand Cambodia Viet Nam Total
issue Unit Amount Amount Amount Amount Amount
Hydrological assessment
Key hydrological parameters: Location Vientiane Mudakhan Kratie Tan Chau Average
Monthly average dry season flow (March) m3/s 2,194 2,675 3,535 4,175 3,145
Average peak daily flow in wet season m3/s 13,627 23,503 43,356 20,466 25,238
Flow reversal in Tonle Sap: Location Prek Kdam TLS only
Average flow volume entering Tonle Sap MCM n/a n/a 28,339 n/a 28,339
Average date of flow reversal (+/-) Days n/a n/a 138 n/a 17-May
Land use and condition assessment
Total irrigated area '000ha 450 2,635 457 1,795 5,337
Total irrigated cropped area '000ha 820 3,624 877 4,404 9,725
Average area flooded: < 0.5m '000ha 21 23 221 431 697
Average area flooded: 0.5 - 1.0m '000ha 19 22 212 717 970
Average area flooded: 1.0 - 3.0m '000ha 71 77 668 635 1,450
Average area flooded: > 3.0m '000ha 219 167 947 3 1,336
Area lost to bank erosion Severity Midly negative Bl Midly negative -1 Neutral 0 Neutral 0 Neutral
Area affected by salinity of > 1.3gm/I '000ha 0 0 0 1,563 1,563
Water quality and geomorphology
Herbicide runoff tonnes / yr 6,721 29,874 3,483 26,352 66,430
Insecticide and fungicide runoff tonnes / yr 6,723 31,752 3,192 27,098 68,765
Nitrogen runoff from agriculture tonnes / yr 18,039 51,700 9,377 71,019 150,135
Phosphorus runoff from agriculture tonnes / yr 1,954 6,487 1,219 10,683 20,344
Nitrogen from waste water discharge tonnes / yr 13,209 14,974 9,396 14,435 52,014
Phosphorus from waste water discharge  tonnes/yr 3,963 4,492 2,819 4,330 15,604
BOD from waste water discharge tonnes / yr 49,534 56,152 35,234 54,130 195,051
Impact on water quality Severity Negative 2 Midy negative -1 Negative 2 Midy negative -1 gt -2
Change in sediment supply Severity Severely negative -3 Severely negative -3 Midly negative -1 Mildly negative -1 Negative -2
Induced geomorphological changes Severity Negative -2 Negative -2 Midly negative -1 Mildly negative -1 Negative -2
Production assessment
Hydropower generated GWh/yr 84,416 56,746 3,321 21,240 165,723
Reservoir fisheries Mtonne / yr 0 0 0 0 0
Flood damages US$M / yr 31 30 12 16 88
Agricultural production: rice Mtonne / yr 4 13 5 25 48
Agricultural production: non-rice Mtonne / yr 0 4 0 3 8
Capture fisheries production Mtonne / yr 0 1 1 0 2
Aquaculture production Mtonne / yr 0 0 0 3 4
Environmental assessment
Total wetland area: flooded forest '000ha 0 0 448 46 494
Total wetland area: marshes '000ha 6 10 501 0 517
Total wetland area: inundated grassland ~ '000ha 5 41 307 55 408
Tonle Sap only: flooded forest '000ha 0 0 448 0 448
Tonle Sap only: marshes '000ha 0 0 307 0 307
Tonle Sap only: inundated grassland '000ha 0 0 269 0 269
Forest area in reservoir areas '000ha 94 14 2 7 117
Number of viable deep pools No. 12 7 5 5 29
Status of river channel habitats Severity Negative -2 Negative -2 Midly negative -1 Midly negative E Negative 2
Flagship species Survival Sunviving Extinct Surviving Surviving Extinct
Environmental hot spots Severity Negative 2 Severelynegatie -3 Severely negative -3 Neutral 0 gt -2
Biodiversity condition Severity Severely negative -3 Severely negative -3 Midly negative -1 Midly negative -1 Negative -2
Economic assessment (net economic values)
Irrigated agricultural production NPV USSM 322 885 344 108 1,659
Hydropower generated NPV US$M 14,585 964 1,168 4,189 20,906
Hydropower imported/exported NPV USSM 10,407 2,911 462 958 14,739
Navigation NPV USSM 0 246 0 0 246
Flood damage mitigation NPV USSM 124 124 47 65 360
Capture fisheries reduction NPV USSM -149 -146 -634 -288 -1,218
Reservoir fisheries NPV USSM 135 0 23 10 169
Aquaculture production NPV USSM 168 235 174 684 1,261
Forest area reduction NPV US$M -236 0 -4 -14 -254
Recession rice NPV USSM -21 -22 -120 -13 -176
Wetland area reduction NPV USSM -18 -34 -125 -1 -178
Mitigation of salinity affected areas NPV USSM 0 0 0 23 23
Reduction in eco-hotspot/biodiversity NPV USSM -50 -60 -195 0 -305
Total economic impacts NPV US$M 25,266 5,105 1,142 5,720 37,233
Social assessment
No. of people at risk of loss of livelihood 000 782 516 352 1,088 2,738
Severity of impact on livelihoods Severity Severely negatie -3 iy negative 1 Severelynegatve -3 Negative -2 EIZFT 0 2
No. of people employed in:
Irrigated agriculture '000 150 346 84 49 629
Reservoir fisheries (incremental to BS)  '000 40 0 7 3 51
Hydropower production '000 379 42 20 29 469
Aquaculture (incremental to BS) '000 55 77 57 164 352
Overall assessment
Overall environment impact Severity Severelynegatie -3 Severdynegatie -3 Negative 2 Midly negative -1 Severely negative 2
Livelihoods Severity Severely negative -3 Midly negative -1 Severely negative -3 Negative -2 Severely negative -2
Economic production NPV USSM 25,617 5,242 2,173 5,949 38,980
Other economic impacts NPV USSM -351 -137 -1,031 -229 -1,748
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Summary of scenario assessment LMB 20-Year Plan Scenario with 9 mainstream
Incremental values relative to Baseline dams, excl Cambodia
Scenario run no. 6300
Assessment Lao PDR Thailand Cambodia Viet Nam Total
issue Unit Amount Percent Amount  Percent Amount  Percent Amount Percent Amount Percent
Hydrological assessment
Key hydrological parameters: Location Vientiane Mudakhan Kratie Tan Chau Average
Monthly average dry season flow (March) m3/s 1,094 99% 1,222 84% 1,338 61% 1,104 36% 1,189 61%
Average peak daily flow in wet season m3/s -2,295 -14% -1,998 -8% -3,407 7% -844 -4% -2,136 -8%
Flow reversal in Tonle Sap: Location Prek Kdam TLS only
Average flow volume entering Tonle Sap MCM n/a n/a -3,919 -12% n/a -3,919 -12%
Average date of flow reversal (+/-) Days n/a n/a -7 -5% n/a -7 -5%
Land use and condition assessment
Total irrigated area '000ha 245 120% 1,370 108% 183 67% -201 -10% 1,597 43%
Total irrigated cropped area '000ha 488 147% 2,202 155% 314 56% 93 2% 3,096 47%
Average area flooded: < 0.5m '000ha -3 -11% -1 -3% 36 20% 98 29% 131 23%
Average area flooded: 0.5 - 1.0m '000ha -5 -21% -2 -9% -20 -8% 48 % 21 2%
Average area flooded: 1.0 - 3.0m '000ha -14 -16% -13 -14% -44 -6% -160 -20% -231 -14%
Average area flooded: > 3.0m '000ha -53 -20% -65 -28% -108 -10% -2 -45% -228 -15%
Area lost to bank erosion Severity Midly negative -1 Midly negative -1 Neutral 0 Neutral 0 Midy negative -1
Area affected by salinity of > 1.3gm/| '000ha 0 0% 0 0% 0 0% -288 -16% -288 -16%
Water quality and geomorphology
Herbicide runoff tonnes / yr 5,258 359% 18,113 154% 2,575 284% 3,524 15% 29,470 80%
Insecticide and fungicide runoff tonnes / yr 4,783 247% 18,087 132% 1,737 119% 1,378 5% 25,985 61%
Nitrogen runoff from agriculture tonnes / yr 14,668 435% 40,070 345% 6,922 282% 7,469 12% 69,128 85%
Phosphorus runoff from agriculture tonnes /yr 1,647 535% 5,248 424% 938 334% 2,354 28% 10,187 100%
Nitrogen from waste water discharge tonnes / yr 4,580 53% 997 7% 2,763 42% 4,539 46% 12,879 33%
Phosphorus from waste water discharge tonnes/yr 1,374 53% 299 % 829 42% 1,362 46% 3,864 33%
BOD from waste water discharge tonnes / yr 17,175 53% 3,738 % 10,362 42% 17,020 46% 48,296 33%
Impact on water quality Severity Negative -2 Midly negative -1 Negative -2 Midy negative -1 Negatia 2
Change in sediment supply Severity Severely negative -3 Severely negative -3 Midy negative -1 Wildly negative -1 Negative -2
Induced geomorphological changes Severity Negative -2 Negative -2 Midy negative -1 Mildly negative -1 Negative -2
Production assessment
Hydropower generated GWh/yr 81,384 2684% 54,343 2262% 3,321 0% 17,581 481% 156,630 1723%
Reservoir fisheries Mtonne / yr 0 63% 0 0% 0 2% 0 11% 0 22%
Flood damages US$M /yr -39 -56% -37 -55% -15 -56% -40 -72% -131 -60%
Agricultural production: rice Mtonne / yr 3 370% 9 220% 3 176% 7 42% 23 92%
Agricultural production: non-rice Mtonne / yr 0 744% 3 226% 0 140% 1 56% 4 132%
Capture fisheries production Mtonne / yr -0 -18% -0 -5% -0 -25% -0 -23% -0 -16%
Aquaculture production Mtonne / yr 0 161% 0 158% 0 91% 2 100% 2 105%
Environmental assessment
Total wetland area: flooded forest '000ha 0 0% 0 0% -4 -1% -0 0% -4 -1%
Total wetland area: marshes '000ha -2 -24% -2 -19% -16 -3% -0 0% -21 -4%
Total wetland area: inundated grassland  '000ha -4 -44% -9 -18% -10 -3% -0 0% -23 -5%
Tonle Sap only: flooded forest '000ha 0 0% 0 0% -4 -1% 0 0% -4 -1%
Tonle Sap only: marshes '000ha 0 0% 0 0% -3 -1% 0 0% -3 -1%
Tonle Sap only: inundated grassland '000ha 0 0% 0 0% -8 -3% 0 0% -8 -3%
Forest area in reservoir areas '000ha 81 595% 0 0% 1 92% 5 236% 87 283%
Number of viable deep pools No. -8 -40% -10 -59% 0 0% 0 0% -18 -38%
Status of river channel habitats Severity Negative -2 Negative -2 Mildy negative -1 Midly negative -1 Negative -2
Flagship species Survival n/a n/a n/a n/a n/a
Environmental hot spots Severity Negative -2 Severely negatve -3 Severoly negaive -3 Neural 0 Pegaiie -2
Biodiversity condition Severity Severely negative -3 Severely negatve -3 Midy negative -1 Midy negative 1 Pegiie -2
Economic assessment (net economic values)
Irrigated agricultural production NPV US$M 322 0% 885 0% 344 0% 108 0% 1,659 0%
Hydropower generated NPV US$M 12,292 536% 473 96% 1,168 0% 2,477 145% 16,410 365%
Hydropower imported/exported NPV US$M 10,067 2957% 2,702 1292% 462 0% 691 259% 13,922 1705%
Navigation NPV US$M 0 0% 64 35% 0 0% 0 0% 64 35%
Flood damage mitigation NPV US$M 124 0% 124 0% 47 0% 65 0% 360 0%
Capture fisheries reduction NPV US$M -149 0% -146 0% -634 0% -288 0% -1,218 0%
Reservoir fisheries NPV US$M 135 0% 0 0% 23 0% 10 0% 169 0%
Aquaculture production NPV US$M 168 0% 235 0% 174 0% 684 0% 1,261 0%
Forest area reduction NPV US$M -236 0% 0 0% -4 0% -14 0% -254 0%
Recession rice NPV US$M -21 0% -22 0% -120 0% -13 0% -176 0%
Wetland area reduction NPV US$M -18 0% -34 0% -125 0% -1 0% -178 0%
Mitigation of salinity affected areas NPV US$M 0 0% 0 0% 0 0% 23 0% 23 0%
Reduction in eco-hotspot/biodiversity NPV US$M -50 0% -60 0% -195 0% 0 0% -305 0%
Total economic impacts NPV US$M 22,632 859% 4,223 479% 1,142 0% 3,741 189% 31,738 578%
Social assessment
No. of people at risk of loss of livelihood  '000 782 0% 516 0% 352 0% 1,088 0% 2,738 0%
Severity of impact on livelihoods Severity Severely negative -3 Midy negaiie 1 Sovereynegatve -3 Negatve 2 T 2
No. of people employed in:
Irrigated agriculture '000 72 91% 119 53% 6 8% 14 41% 212 51%
Reservoir fisheries (incremental to BS) 000 40 0% 0 0% 7 0% 3 0% 51 0%
Hydropower production '000 379 0% 42 0% 20 0% 29 0% 469 0%
Aquaculture (incremental to BS) '000 55 0% 77 0% 57 0% 164 0% 352 0%
Overall assessment
Overall environment impact Severity Severcly negaihe 3 Severely negathe -3 Negethe 2 Vidy negative 1 Severshnegeite 2
Livelihoods Severity Severely negative -3 Midly negative -1 Severely negative -3 Negative -2 Severely negative 2
Economic production NPV US$M 22,983 873% 4,360 494% 2,173 0% 3,970 201% 33,486 609%
Other economic impacts NPV USSM -351 0% -137 0% -1,031 0% -229 0% -1,748 0%
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Summary of scenario assessment LMB 20-Year Plan Scenario with 9 mainstream
Incremental values relative to Definite Future Scenario dams, excl Cambodia
Scenario run no. 6300
Assessment Lao PDR Thailand Cambodia Viet Nam Total
issue Unit Amount  Pecent ~ Amount  Percent  Amount Percent Amount  Percent  Amount  Percent
Hydrological assessment
Key hydrological parameters: Location Vientiane Mudakhan Kratie Tan Chau Average
Monthly average dry season flow (March) m3/s 334 18% 303 13% 466 15% 278 % 345 12%
Average peak daily flow in wet season mals -187 -1% -529 -2% -1,767 -4% -364 -2% -712 -3%
Flow reversal in Tonle Sap: Location Prek Kdam TLS only
Average flow volume entering Tonle Sap MCM n/a n/a -1,401 -5% n/a -1,401
Average date of flow reversal (+/-) Days n/a n/a -4 -3% n/a -4
Land use and condition assessment
Total irrigated area '000ha 283 170% 1,281 95% 183 67% 125 % 1,872 54%
Total irrigated cropped area '000ha 549 203% 1,868 106% 314 56% 186 4% 2,918 43%
Average area flooded: < 0.5m '000ha -1 -5% -0 -1% 5 2% 23 6% 27 4%
Average area flooded: 0.5 - 1.0m '000ha -0 -2% 0 0% 4 2% 4 1% 7 1%
Average area flooded: 1.0 - 3.0m '000ha -2 -3% -3 -3% -8 -1% -32 -5% -45 -3%
Average area flooded: > 3.0m '000ha -8 -3% -9 -5% -30 -3% -0 -11% -47 -3%
Area lost to bank erosion Severity Negative -2 Negative -2 Neutral 0 Neutral 0 Midly negative -1
Area affected by salinity of > 1.3gm/| '000ha 0 0% 0 0% 0 0% -16 -1% -16 -1%
Water quality and geomorphology
Herbicide runoff tonnes / yr 5,258 359% 18,113 154% 2,575 284% 3,524 15% 29,470 80%
Insecticide and fungicide runoff tonnes / yr 4,783 247% 18,087 132% 1,737 119% 1,378 5% 25,985 61%
Nitrogen runoff from agriculture tonnes / yr 14,668 435% 40,070 345% 6,922 282% 7,469 12% 69,128 85%
Phosphorus runoff from agriculture tonnes / yr 1,647 535% 5,248 424% 938 334% 2,354 28% 10,187 100%
Nitrogen from waste water discharge tonnes / yr 4,580 53% 997 7% 2,763 42% 4,539 46% 12,879 33%
Phosphorus from waste water discharge tonnes/yr 1,374 53% 299 % 829 42% 1,362 46% 3,864 33%
BOD from waste water discharge tonnes / yr 17,175 53% 3,738 7% 10,362 42% 17,020 46% 48,296 33%
Impact on water quality Severity Severely negative -3 Negatie -2 Severely negative -3 Negative 2 ESEIEEALD -3
Change in sediment supply Severity Midy negative -1 Midy negative -1 Neutral 0 Midly negative -1 Midy negative -1
Induced geomorphological changes Severity Midly negative -1 Midly negative -1 Midly negative -1 Midly negative -1 Midy negative il
Production assessment
Hydropower generated GWh/yr 68,013 415% 44,567 366% 986 42% 7,647 56% 121,213 272%
Reservoir fisheries Mtonne / yr 0 3% 0 0% 0 24% 0 3% 0 15%
Flood damages USSM /yr 3 10% 3 13% 4 46% 6 70% 16 23%
Agricultural production: rice Mtonne / yr 3 370% 9 220% 3 176% 7 42% 23 92%
Agricultural production: non-rice Mtonne / yr 0 744% 3 226% 0 140% 1 56% 4 132%
Capture fisheries production Mtonne / yr -0 -3% -0 -1% -0 -19% -0 -15% -0 -10%
Aquaculture production Mtonne / yr 0 36% 0 42% 0 45% 1 33% 1 35%
Environmental assessment
Total wetland area: flooded forest '000ha 0 0% 0 0% -2 0% -0 0% -2 0%
Total wetland area: marshes '000ha -0 -4% -0 -4% -5 -1% -0 0% -5 -1%
Total wetland area: inundated grassland ~ '000ha -1 -12% -1 -3% -3 -1% -0 0% -5 -1%
Tonle Sap only: flooded forest '000ha 0 0% 0 0% -2 0% 0 0% -2 0%
Tonle Sap only: marshes '000ha 0 0% 0 0% -1 0% 0 0% -1 0%
Tonle Sap only: inundated grassland '000ha 0 0% 0 0% -3 -1% 0 0% -3 -1%
Forest area in reservoir areas '000ha 56 146% 0 0% 0 0% 2 29% 58 96%
Number of viable deep pools No. -8 -40% -10 -59% 0 0% 0 0% -18 -38%
Status of river channel habitats Severity Midly negative -1 Midly negative -1 Midly negative -1 Midly negative -1 Midly negative -1
Flagship species Survival n/a n/a n/a n/a n/a
Environmental hot spots Severity Negate 2 Negatie -2 Severely negative 2 Neutral 0 Ry 2
Biodiversity condition Severity Negative 2 Negative -2 Neutral 0 Neutral 0 Midy negative -1
Economic assessment (net economic values)
Irrigated agricultural production NPV US$M 322 0% 885 0% 344 0% 108 0% 1,659 0%
Hydropower generated NPV US$M 6,899 90% 373 63% 420 56% 368 10% 8,061 63%
Hydropower imported/exported NPV US$M 8,840 564% 1,851 175% 5 1% 84 10% 10,781 272%
Navigation NPV US$M 0 0% 0 0% 0 0% 0 0% 0 0%
Flood damage mitigation NPV US$M -55 -31% -48 -28% -4 -8% 5 8% -102 -22%
Capture fisheries reduction NPV US$M 79 -35% 42 -22% -311 96% -81 39% -272 29%
Reservoir fisheries NPV US$M 61 82% 0 0% 20 575% -3 -21% 78 86%
Agquaculture production NPV US$M 42 33% 61 35% 86 98% -58 -8% 132 12%
Forest area reduction NPV US$M -106 82% 0 0% 3 -44% 3 -19% -100 65%
Recession rice NPV US$M -2 12% -11 112% -14 13% -4 50% -32 22%
Wetland area reduction NPV US$M 8 -31% 14 -29% 28 -19% -1 82% 50 -22%
Mitigation of salinity affected areas NPV US$M 0 0% 0 0% 0 0% 3 15% 3 15%
Reduction in eco-hotspot/biodiversity NPV US$M -50 0% -40 200% -130 200% 0 0% -220 259%
Total economic impacts NPV US$M 16,037 174% 3,128 158% 449 65% 424 8% 20,038 117%
Social assessment
No. of people at risk of loss of livelihood 000 485 163% 470 1022% 250 245% 646 146% 1,851 209%
Severity of impact on livelihoods Severity Midy negative -1 Neutral 0 Negative -2 Midly negafive -1 Hidesang -1
No. of people employed in:
Irrigated agriculture '000 72 91% 119 53% 6 8% 14 41% 212 51%
Reservoir fisheries (incremental to BS)  '000 28 226% 0 0% 6 1100% 1 46% 35 233%
Hydropower production '000 327 628% 37 711% 5 32% -3 -8% 366 353%
Aquaculture (incremental to BS) '000 26 94% 38 96% 37 188% 0 0% 101 40%
Overall assessment
Overall environment impact Severity Negatve -2 Negatie 2 Midy negative -1 Neutral 0 Negaiive -1
Livelihoods Severity Mildly negative -1 Neutral 0 Negative -2 Midly negative -1 Mildly negative -1
Economic production NPV US$M 16,163 171% 3,172 153% 876 68% 499 9% 20,711  113%
Other economic impacts NPV US$M -126 56% -44 47% -427 71% -75 49% -673 63%
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. LMB Long-term Development Scenario

Lo Hydropower and storage Water
Irrigation areas

dams supply

Wet Dry No Installed Live Domestic &
season season : capacity  storage industrial
Mha Mha GW BCM BCM pa.
Lao PDR 0.72 0.51 75 9.85 47.12 0.90
. Thailand 2.76 0.45 94 0.74 3.57 3.57
e Cambodia 0.68 0.75 13 1.23 13.64 151
\ Viet Nam - Highland 0.28 0.08 5 2.58 3.16 0.28
Viet Nam - Delta 1.53 1.03 - - - 212
\ Mainstream - - 0 14.70 5.23 -
Total LMB 5.97 2.81 163 29.11 7271 7.32
N \- umMB - - 0 15.45 23.19 -
l‘l l Basin total 5.97 2.81 163 44.56 95.90 7.32

N t Scenario run no.: 8000
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China
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Rangacn

Thailand
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Planned mainatearm darm
Existing mamsiream dam
Under constrsction dam
Existing bibutary dam
Linde consliuction dam
Planned tibutary dam

. Wet season irrigated area

. Dry season irrigated area

Source: BDP2 scenario datasets, April 2010 n sl 140
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LMB Long-term Development Scenario

Scenario run no. 8000

Assessment Lao PDR Thailand Cambodia Viet Nam Total
issue Unit Amount Amount Amount Amount Amount
Hydrological assessment
Key hydrological parameters: Location Vientiane Mudakhan Kratie Tan Chau Average
Monthly average dry season flow (March) m3/s 2,200 2,608 3,708 4,103 3,155
Average peak daily flow in wet season ma/s 13,597 23,574 41,698 20,160 24,757
Flow reversal in Tonle Sap: Location Prek Kdam TLS only
Average flow volume entering Tonle Sap MCM n/a n/a 26,937 n/a 26,937
Average date of flow reversal (+/-) Days n/a n/a 133 n/a 12-May
Land use and condition assessment
Total irrigated area '000ha 715 2,760 678 1,813 5,966
Total irrigated cropped area '000ha 1,335 3,896 1,833 4,890 11,953
Average area flooded: < 0.5m '000ha 21 23 221 458 723
Average area flooded: 0.5 - 1.0m '000ha 20 22 216 718 975
Average area flooded: 1.0 - 3.0m '000ha 70 78 658 595 1,401
Average area flooded: > 3.0m '000ha 219 169 920 3 1,311
Area lost to bank erosion Severity Negative 2 Negative 2 Severely negative -3 Severely negative -3 e
Area affected by salinity of > 1.3gm/| '000ha 0 0 0 1,553 1,553
Water quality and geomorphology
Herbicide runoff tonnes / yr 9,789 32,504 3,818 35,445 81,556
Insecticide and fungicide runoff tonnes / yr 10,198 35,366 3,562 35,646 84,772
Nitrogen runoff from agriculture tonnes / yr 26,440 57,225 10,417 96,963 191,045
Phosphorus runoff from agriculture tonnes / yr 2,897 7,191 1,357 14,792 26,238
Nitrogen from waste water discharge tonnes / yr 23,268 16,382 14,549 20,748 74,947
Phosphorus from waste water discharge  tonnes/yr 6,980 4,915 4,365 6,224 22,484
BOD from waste water discharge tonnes / yr 87,253 61,432 54,560 77,804 281,049
Impact on water quality Severity Negative -2 Midly negative -1 Negative -2 Negative -2 Negative 2
Change in sediment supply Severity Severelynegatie -3 Severelynegatiee -3 Edremelynegative -4 Extremely negatie -4 Exrenepeda i -4
Induced geomorphological changes Severity Soverelynegatie -3 Soverelynegatie -3 | Extemelynegatve -4 Soverelynegatie -3 Elmngio 3
Production assessment
Hydropower generated GWh/yr 92,156 60,865 26,912 35,961 215,893
Reservoir fisheries Mtonne / yr 0 0 0 0 0
Flood damages USSM /yr 33 32 12 17 95
Agricultural production: rice Mtonne / yr 7 15 11 29 62
Agricultural production: non-rice Mtonne / yr 1 6 0 3 10
Capture fisheries production Mtonne / yr 0 1 0 0 2
Aquaculture production Mtonne / yr 0 0 0 5 6
Environmental assessment
Total wetland area: flooded forest '000ha 0 0 447 45 492
Total wetland area: marshes '000ha 6 10 497 0 514
Total wetland area: inundated grassland  '000ha 5 41 305 55 406
Tonle Sap only: flooded forest '000ha 0 0 446 0 446
Tonle Sap only: marshes '000ha 0 0 306 0 306
Tonle Sap only: inundated grassland '000ha 0 0 267 0 267
Forest area in reservoir areas '000ha 117 14 142 7 280
Number of viable deep pools No. 12 7 3 5 27
Status of river channel habitats Severity Soverelynegative -3 Severeynegatie -3 Exremelynegaiie -4 Severelynegatve -3 Extremely negative 3
Flagship species Survival Extinct Extinct Extinct Surviving Extinct
Environmental hot spots Severity Catastrophic -4 Exremely negative -4 Exremely negative -3 Negative -2 Exrenepeda i -3
Biodiversity condition Severity Severelynegatie -3 Severelynegatiee -3 Severely negative -3 Severely negative -3 Camdnzriia -3
Economic assessment (net economic values)
Irrigated agricultural production NPV US$M 796 1,367 1,694 411 4,267
Hydropower generated NPV US$M 17,734 972 2,876 4,696 26,278
Hydropower imported/exported NPV US$M 10,533 3,109 2,190 1,066 16,898
Navigation NPV US$M 0 246 0 0 246
Flood damage mitigation NPV US$M 141 140 54 73 408
Capture fisheries reduction NPV USSM -150 -159 -1,045 -464 -1,818
Reservoir fisheries NPV US$M 174 0 236 11 420
Aquaculture production NPV US$M 252 353 262 1,025 1,892
Forest area reduction NPV US$M -304 0 -413 -14 -731
Recession rice NPV US$M -24 -23 -155 -25 -226
Wetland area reduction NPV USSM -18 -32 -202 -8 -260
Mitigation of salinity affected areas NPV US$M 0 0 0 22 22
Reduction in eco-hotspot/biodiversity NPV US$M -100 -80 -195 -60 -435
Total economic impacts NPV USSM 29,035 5,892 5,302 6,733 46,963
Social assessment
No. of people at risk of loss of livelihood 000 1,029 516 1,224 1,737 4,506
Severity of impact on livelihoods Severity Severely negative -3 Severeynegative -3 Exremelynegaiie -4 Negative 2 Severely negative 3
No. of people employed in:
Irrigated agriculture '000 286 449 286 53 1,076
Reservoir fisheries (incremental to BS)  '000 52 0 71 3 126
Hydropower production '000 360 0 149 18 527
Aquaculture (incremental to BS) '000 82 115 85 246 528
Overall assessment
Overall environment impact Severity Soverelynegative -3 Seversynegatve -3 Severelynegative -3 Severelynegatve -3 Severely negative 3
Livelihoods Severity Severely negative -3 Severely negative -3 Extremely negative -4 Negative -2 Severely negative -3
Economic production NPV USSM 29,489 6,046 7,257 7,209 50,002
Other economic impacts NPV USSM -454 -155 -1,955 -476 -3,040
17z
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Summary of scenario assessment

. . LMB Long-term Development Scenario
Incremental values relative to Baseline

Scenario run no. 8000

Assessment Lao PDR Thailand Cambodia Viet Nam Total
issue Unit Amount  Percent  Amount  Percent Amount  Percent Amount  Pecent  Amount Percent
Hydrological assessment

Key hydrological parameters: Location Vientiane Mudakhan Kratie Tan Chau Average
Monthly average dry season flow (March) m3/s 1,100 100% 1,155 80% 1,510 69% 1,031 34% 1,199 61%
Average peak daily flow in wet season m3/s -2,324 -15% -1,927 -8% -5,065 -11% -1,150 -5% -2,617 -10%
Flow reversal in Tonle Sap: Location Prek Kdam TLS only
Average flow volume entering Tonle Sap MCM n/a n/a -5,322 -16% n/a -5,322 -16%
Average date of flow reversal (+/-) Days n/a n/a -12 -8% n/a -12 -8%

Land use and condition assessment

Total irrigated area '000ha 511 250% 1,494 118% 405 148% -183 -9% 2,226 60%
Total irrigated cropped area '000ha 1,003 302% 2,474 174% 1,270 226% 578 13% 5,324 80%
Average area flooded: < 0.5m '000ha -3 -13% -1 -3% 36 20% 124 37% 157 28%
Average area flooded: 0.5 - 1.0m '000ha -5 -19% -2 -9% -16 1% 49 % 27 3%
Average area flooded: 1.0 - 3.0m '000ha -14 -16% -12 -13% -54 -8% -199 -25% -279 -17%
Average area flooded: > 3.0m '000ha -53 -19% -63 -27% -135 -13% -2 -46% -253 -16%
Area lost to bank erosion Severity Negative -2 Negative -2 Severely negative -3 Severely negative -3 Severely negative -3

Area affected by salinity of > 1.3gm/I '000ha 0 0% 0 0% 0 0% -299 -16% -299 -16%

Water quality and geomorphology

Herbicide runoff tonnes / yr 8,326 569% 20,743 176% 2,910 321% 12,618 55% 44,597 121%
Insecticide and fungicide runoff tonnes / yr 8,259 426% 21,701 159% 2,107 145% 9,925 39% 41,992 98%
Nitrogen runoff from agriculture tonnes /yr 23,068 684% 45,595 392% 7,962 324% 33,412 53% 110,037 136%
Phosphorus runoff from agriculture tonnes / yr 2,589 842% 5,952 480% 1,077 383% 6,464 78% 16,082 158%
Nitrogen from waste water discharge tonnes / yr 14,639 170% 2,405 17% 7,917 119% 10,852 110% 35,812 92%
Phosphorus from waste water discharge tonnes/yr 4,392 170% 721 17% 2,375 119% 3,256 110% 10,744 92%
BOD from waste water discharge tonnes / yr 54,895 170% 9,018 17% 29,688 119% 40,694 110% 134,295 92%
Impact on water quality Severity Negative -2 Midy negative -1 Negative -2 Negative 2 Negative 2

Change in sediment supply Severity Severely negative -3 Severely negative -3 Extremely negative -4 Extremely negative -4 Extremely negative -4

Induced geomorphological changes Severity Severely negative -3 Severely negative -3 Extremely negative -4 Severely negative -3 Extremely negative -3

Production assessment

Hydropower generated GWh/yr 89,124 2940% 58,462 2433% 26,912 0% 32,302 883% 206,800 2274%
Reservoir fisheries Mtonne / yr 0 81% 0 0% 0 276% 0 11% 0 56%
Flood damages US$M /yr -37 -52% -34 -51% -14 -53% -39 -70% -124 -57%
Agricultural production: rice Mtonne / yr 6 709% 11 269% 9 475% 11 63% 37 150%
Agricultural production: non-rice Mtonne / yr 1 2484% 4 336% 0 173% 1 49% 6 191%
Capture fisheries production Mtonne / yr -0 -18% -0 -5% -0 -41% -0 -38% -1 -24%
Aquaculture production Mtonne / yr 0 292% 0 287% 0 187% 3 200% 4 207%

Environmental assessment

Total wetland area: flooded forest '000ha 0 0% 0 0% -5 -1% -1 -1% -6 -1%
Total wetland area: marshes '000ha -2 -23% -2 -18% -20 -4% -0 0% -24 5%
Total wetland area: inundated grassland  '000ha -4 -42% -9 -17% -13 -4% -0 0% -25 -6%
Tonle Sap only: flooded forest '000ha 0 0% 0 0% -5 -1% 0 0% -5 -1%
Tonle Sap only: marshes '000ha 0 0% 0 0% -3 -1% 0 0% -3 -1%
Tonle Sap only: inundated grassland '000ha 0 0% 0 0% -10 -4% 0 0% -10 -4%
Forest area in reservoir areas ‘000ha 104 765% 0 0% 141 11319% 5 236% 250 816%
Number of viable deep pools No. -8 -40% -10 -59% -2 -40% 0 0% -20 -43%
Status of river channel habitats Severity Severely negative -3 Severely negatve -3 Exremely negative -4 Severely negative -3 Exionehegang -3
Flagship species Survival n/a n/a n/a n/a n/a
Environmental hot spots Severity Catastrophic -4 Extremely negative -4 Extremely negative -3 Negative -2 Extremely negative -3
Biodiversity condition Severity Severely negative -3 Severely negative -3 Severely negative -3 Severely negative -3 Severely negative -3

Economic assessment (net economic values)

Irrigated agricultural production NPV US$M 796 0% 1,367 0% 1,694 0% 411 0% 4,267 0%
Hydropower generated NPV US$M 15,441 673% 481 98% 2,876 0% 2,985 174% 21,783 485%
Hydropower imported/exported NPV US$M 10,193 2994% 2,900 1386% 2,190 0% 799 299% 16,082 1969%
Navigation NPV US$M 0 0% 64 35% 0 0% 0 0% 64 35%
Flood damage mitigation NPV US$M 141 0% 140 0% 54 0% 73 0% 408 0%
Capture fisheries reduction NPV US$M -150 0% -159 0% -1,045 0% -464 0% -1,818 0%
Reservaoir fisheries NPV US$M 174 0% 0 0% 236 0% 11 0% 420 0%
Aquaculture production NPV US$M 252 0% 353 0% 262 0% 1,025 0% 1,892 0%
Forest area reduction NPV US$M -304 0% 0 0% -413 0% -14 0% -731 0%
Recession rice NPV USSM -24 0% -23 0% -155 0% -25 0% -226 0%
Wetland area reduction NPV US$M -18 0% -32 0% -202 0% -8 0% -260 0%
Mitigation of salinity affected areas NPV US$M 0 0% 0 0% 0 0% 22 0% 22 0%
Reduction in eco-hotspot/biodiversity NPV US$M -100 0% -80 0% -195 0% -60 0% -435 0%
Total economic impacts NPV US$M 26,401 1002% 5,010 568% 5,302 0% 4,755 240% 41,468 755%

Social assessment

No. of people at risk of loss of livelihood 000 1,029 0% 516 0% 1,224 0% 1,737 0% 4,506 0%
Severity of impact on livelihoods Severity Severely negative -3 Severely negative -3 Exemely negatie -4 Negative 2 T 3
No. of people employed in:
Irrigated agriculture '000 208 264% 223 98% 209 270% 19 53% 658 157%
Reservoir fisheries (incremental to BS) 000 52 0% 0 0% 71 0% 3 0% 126 0%
Hydropower production '000 360 0% 0 0% 149 0% 18 0% 527 0%
Aquaculture (incremental to BS) '000 82 0% 115 0% 85 0% 246 0% 528 0%
Overall assessment
Overall environment impact Severity Seversly negative -3 Seversly negative -3 Severolynegave -3 Severely negaiive -3 Saverel negaiive -3
Livelihoods Severity Severely negaive 3 Severely negalve 3 Bxiemely negalie -4 Negative 2 Seostiezike 3
Economic production NPV USSM 26,855  1020% 5,164 585% 7,257 0% 5,231 264% 44,508 810%
Other economic impacts NPV USSM -454 0% -155 0% -1,955 0% -476 0% -3,040 0%
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Summary of scenario assessment .
. - . LMB Long-term Development Scenario
Incremental values relative to Definite Future Scenario
Scenario run no. 8000
Assessment Lao PDR Thailand Cambodia Viet Nam Total
issue Unit Amount  Percent  Amount  Percent ~ Amount Percent Amount  Percent Amount  Percent
Hydrological assessment
Key hydrological parameters: Location Vientiane Mudakhan Kratie Tan Chau Average
Monthly average dry season flow (March) m3/s 340 18% 236 10% 639 21% 205 5% 355 13%
Average peak daily flow in wet season m3ls -217 -2% -458 -2% -3,425 -8% -670 -3% -1,192 -5%
Flow reversal in Tonle Sap: Location Prek Kdam TLS only
Average flow volume entering Tonle Sap MCM n/a n/a -2,803 -9% n/a -2,803
Average date of flow reversal (+/-) Days n/a n/a -9 -6% n/a -9
Land use and condition assessment
Total irrigated area '000ha 549 330% 1,405 104% 405 148% 143 9% 2,501 72%
Total irrigated cropped area '000ha 1,064 393% 2,140 122% 1,270 226% 672 16% 5,146 76%
Average area flooded: < 0.5m '000ha -2 1% -0 -2% 5 2% 50 12% 53 8%
Average area flooded: 0.5 - 1.0m '000ha 0 1% 0 0% 8 4% 5 1% 13 1%
Average area flooded: 1.0 - 3.0m '000ha -2 -3% -2 -2% -18 -3% =72 -11% -93 -6%
Average area flooded: > 3.0m '000ha -7 -3% -7 -4% -57 -6% -0 -13% -72 -5%
Area lost to bank erosion Severity Severely negative -3 Severely negative -3 Severely negative -3 Severely negative -3 Severely negative -3
Area affected by salinity of > 1.3gm/I '000ha 0 0% 0 0% 0 0% -27 -2% -27 -2%
Water quality and geomorphology
Herbicide runoff tonnes / yr 8,326 569% 20,743 176% 2,910 321% 12,618 55% 44,597 121%
Insecticide and fungicide runoff tonnes / yr 8,259 426% 21,701 159% 2,107 145% 9,925 39% 41,992 98%
Nitrogen runoff from agriculture tonnes / yr 23,068 684% 45,595 392% 7,962 324% 33,412 53% 110,037 136%
Phosphorus runoff from agriculture tonnes / yr 2,589 842% 5,952 480% 1,077 383% 6,464 78% 16,082 158%
Nitrogen from waste water discharge tonnes / yr 14,639 170% 2,405 17% 7,917 119% 10,852 110% 35,812 92%
Phosphorus from waste water discharge tonnes/yr 4,392 170% 721 17% 2,375 119% 3,256 110% 10,744 92%
BOD from waste water discharge tonnes / yr 54,895 170% 9,018 17% 29,688 119% 40,694 110% 134,295 92%
Impact on water quality Severity Severely negatve -3 Negative -2 Severely negative -3 Severely negative 3 Severely negative -3
Change in sediment supply Severity Midy negative -1 Midy negative -1 Severely negative -3 Extremely negative 4 Severely negative 2
Induced geomorphological changes Severity Negative -2 Negative -2 Extremely negative -4 Severely negative -3 Severely negaiive -3
Production assessment
Hydropower generated GWh/yr 75,753 462% 48,686 400% 24,577 1053% 22,367 165% 171,383 385%
Reservoir fisheries Mtonne / yr 0 52% 0 0% 0 267% 0 3% 0 46%
Flood damages USSM /yr 5 19% 6 22% 5 58% 8 83% 23 33%
Agricultural production: rice Mtonne / yr 6 709% 11 269% 9 475% 11 63% 37 150%
Agricultural production: non-rice Mtonne / yr 1 2484% 4 336% 0 173% 1 49% 6 191%
Capture fisheries production Mtonne / yr -0 -3% -0 -2% -0 -36% -0 -31% -0 -18%
Aquaculture production Mtonne / yr 0 104% 0 113% 0 118% 2 100% 3 102%
Environmental assessment
Total wetland area: flooded forest '000ha 0 0% 0 0% -3 -1% -1 -1% -4 -1%
Total wetland area: marshes '000ha -0 -3% -0 -3% -9 -2% 0 0% -9 2%
Total wetland area: inundated grassland ~ '000ha -1 -9% -1 -2% -6 -2% -0 0% -7 2%
Tonle Sap only: flooded forest '000ha 0 0% 0 0% -3 -1% 0 0% -3 -1%
Tonle Sap only: marshes '000ha 0 0% 0 0% -1 0% 0 0% -1 0%
Tonle Sap only: inundated grassland '000ha 0 0% 0 0% -5 -2% 0 0% -5 -2%
Forest area in reservoir areas '000ha 79 207% 0 0% 140 5841% 2 29% 221 369%
Number of viable deep pools No. -8 -40% -10 -59% -2 -40% 0 0% -20 -43%
Status of river channel habitats Severity Negative -2 Negative -2 Extremely negative -4 Severely negative -3 Severely negaiive -3
Flagship species Survival n/a n/a n/a n/a n/a
Environmental hot spots Severity Catastrophic -4 Severely negative -2 Severely negative -3 Negative -2 Severely negative -3
Biodiversity condition Severity Negative -2 Negative -2 Negative 2 Negative -2 Negative 2
Economic assessment (net economic values)
Irrigated agricultural production NPV US$M 796 0% 1,367 0% 1,694 0% 411 0% 4,267 0%
Hydropower generated NPV US$M 10,048 131% 381 65% 2,128 285% 875 23% 13,433 105%
Hydropower imported/exported NPV US$M 8,966 572% 2,049 193% 1,733 379% 192 22% 12,940 327%
Navigation NPV US$M 0 0% 0 0% 0 0% 0 0% 0 0%
Flood damage mitigation NPV US$M -38 -21% -32 -19% 3 6% 13 22% -54 -12%
Capture fisheries reduction NPV US$M 78 -34% 28 -15% <721 223% -257 124% -872 92%
Reservoir fisheries NPV US$M 99 134% 0 0% 232 6732% -2 -19% 329 362%
Aquaculture production NPV US$M 126 100% 179 103% 174 197% 284 38% 762 68%
Forest area reduction NPV US$M -174 134% 0 0% -406 6449% 3 -19% -577 376%
Recession rice NPV US$M -5 25% -13 125% -49 46% -16 183% -82 57%
Wetland area reduction NPV US$M 9 -35% 15 -32% -48 32% -8 1237% -32 14%
Mitigation of salinity affected areas NPV US$M 0 0% 0 0% 0 0% 2 10% 2 10%
Reduction in eco-hotspot/biodiversity NPV US$M -100 0% -60 300% -130 200% -60 0% -350 412%
Total economic impacts NPV US$M 19,806 215% 3,914 198% 4,609 665% 1,438 27% 29,768 173%
Social assessment
No. of people at risk of loss of livelihood 000 732 246% 470 1022% 1,122 1100% 1,295 293% 3,619 408%
Severity of impact on livelihoods Severity Midly negative -1 Negative -2 Severely negative -3 Midly negative -1 Negative -2
No. of people employed in:
Irrigated agriculture '000 208 264% 223 98% 209 270% 19 53% 658 157%
Reservoir fisheries (incremental to BS) 000 40 320% 0 0% 70 12065% 1 46% 111 729%
Hydropower production '000 308 592% -5 -100% 134 873% -13 -42% 424 409%
Aquaculture (incremental to BS) '000 54 190% 76 194% 65 331% 82 50% 277 110%
Overall assessment
Overall environment impact Severity Negatve -2 Negatie 2 Negative -2 Negative -2 Negative 2
Livelihoods Severity Mildly negative -1 Negative -2 Severely negative -3 Midly negative -1 Negative -2
Economic production NPV USSM 20,036 212% 3,976 192% 5,961 460% 1,760 32% 31,733  174%
Other economic impacts NPV USSM -229 102% -61 66% -1,352 224% -322 210% -1,965  183%
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LMB Long-term Development Scenario

Climate change

Scenario run no. 8001

Assessment Lao PDR Thailand Cambodia Viet Nam Total
issue Unit Amount Amount Amount Amount Amount
Hydrological assessment
Key hydrological parameters: Location Vientiane Mudakhan Kratie Tan Chau Average
Monthly average dry season flow (March) m3is 2,250 2,664 3,716 4,107 3,184
Average peak daily flow in wet season m3/s 13,738 26,083 48,886 21,154 27,465
Flow reversal in Tonle Sap: Location Prek Kdam TLS only
Average flow volume entering Tonle Sap MCM n/a n/a 29,781 n/a 29,781
Average date of flow reversal (+/-) Days n/a n/a 126 n/a 5-May
Land use and condition assessment
Total irrigated area '000ha 715 2,760 678 1,813 5,966
Total irrigated cropped area '000ha 1,335 3,896 1,833 4,890 11,953
Average area flooded: < 0.5m '000ha 27 27 230 84 368
Average area flooded: 0.5 - 1.0m '000ha 25 28 203 629 886
Average area flooded: 1.0 - 3.0m '000ha 105 107 745 1,134 2,091
Average area flooded: > 3.0m '000ha 303 262 1,122 8 1,696
Area lost to bank erosion Severity Negative 2 Negative 2 Severelynegatie -3 Severelynegative -3 v
Area affected by salinity of > 1.3gm/I '000ha 0 0 0 2,149 2,149
Water quality and geomorphology
Herbicide runoff tonnes / yr 6,721 29,874 3,483 26,352 66,430
Insecticide and fungicide runoff tonnes / yr 6,723 31,752 3,192 27,098 68,765
Nitrogen runoff from agriculture tonnes / yr 18,039 51,700 9,377 71,019 150,135
Phosphorus runoff from agriculture tonnes / yr 1,954 6,487 1,219 10,683 20,344
Nitrogen from waste water discharge tonnes / yr 13,209 14,974 9,396 14,435 52,014
Phosphorus from waste water discharge  tonnes/yr 3,963 4,492 2,819 4,330 15,604
BOD from waste water discharge tonnes / yr 49,534 56,152 35,234 54,130 195,051
Impact on water quality Severity Negative -2 Mildly negative -1 Negative -2 Mildly negative -1 Negative -2
Change in sediment supply Severity Severely negative -3 Severely negative -3 Severely negative -3 Severely negative -3 Severely negative -3
Induced geomorphological changes Severity Severely negative -3 Severely negative -3 Extremely negafive -4 Severely negative -3 Extremely negative -3
Production assessment
Hydropower generated GWh/yr 92,156 60,865 26,912 35,961 215,893
Reservoir fisheries Mtonne / yr 0 0 0 0 0
Flood damages US$M / yr 33 32 19 34 118
Agricultural production: rice Mtonne / yr 7 15 11 29 62
Agricultural production: non-rice Mtonne / yr 1 6 0 3 10
Capture fisheries production Mtonne / yr 0 0 0 0 0
Aquaculture production Mtonne / yr 0 0 0 5 6
Environmental assessment
Total wetland area: flooded forest '000ha 0 0 451 46 497
Total wetland area: marshes '000ha 11 13 530 0 555
Total wetland area: inundated grassland ~ '000ha 12 54 319 55 440
Tonle Sap only: flooded forest '000ha 0 0 450 0 450
Tonle Sap only: marshes '000ha 0 0 308 0 308
Tonle Sap only: inundated grassland '000ha 0 0 273 0 273
Forest area in reservoir areas '000ha 0 0 0 0 0
Number of viable deep pools No. 12 7 3 5 27
Status of river channel habitats Severity Severslynegatie -3 Severdynegatie -3 Extremely negative -4 Exremely negatie -4, Eian) gL <
Flagship species Survival Extinct Extinct Extinct Suniving Extinct
Environmental hot SpOIS Sevemy Catastrophic -4 Extremely negative -4 Extremely negative -3 Catastrophic -5 Catastrophic -4
Biodiversity condition Severity Severely negative -3 Severely negative -3 Negatve 2 Negative -2 Severely negative -3
Economic assessment (net economic values)
Irrigated agricultural production NPV US$M 796 1,367 1,694 411 4,267
Hydropower generated NPV US$M 17,734 972 2,876 4,696 26,278
Hydropower imported/exported NPV US$M 10,533 3,109 2,190 1,066 16,898
Navigation NPV US$M 0 246 0 0 246
Flood damage mitigation NPV US$M 141 140 -244 -332 -296
Capture fisheries reduction NPV US$M -150 -159 -1,045 -464 -1,818
Reservoir fisheries NPV US$M 174 0 236 11 420
Aquaculture production NPV US$M 252 353 262 1,025 1,892
Forest area reduction NPV USSM -304 0 -413 -14 -731
Recession rice NPV US$M 37 17 105 27 185
Wetland area reduction NPV US$M 21 14 5 -4 36
Mitigation of salinity affected areas NPV US$M 0 0 0 -2 -2
Reduction in eco-hotspot/biodiversity NPV US$M -100 -80 -195 -150 -525
Total economic impacts NPV US$M 29,134 5,978 5,470 6,270 46,852
Social assessment
No. of people at risk of loss of livelihood 000 1,029 516 1,280 1,985 4,810
Severity of impact on livelihoods Severity Severely negative -3 Severeynegatve -3 Exromelynegatice -4 Extemely negaive -4 R -4
No. of people employed in:
Irrigated agriculture '000 286 449 286 53 1,076
Reservoir fisheries (incremental to BS)  '000 52 0 71 3 126
Hydropower production '000 360 0 149 18 527
Aquaculture (incremental to BS) '000 82 115 85 246 528
Overall assessment
Overall environment impact Severity Severelynegatie -3 Severelynegatie -3 Negative 2 Severely negative -3 CHEEHEED -3
Livelihoods Severity Severely negative -3 Severely negative -3 Extremely negative -4 Extremely negative -4 Exiremely negative -4
Economic production NPV USSM 29,489 6,046 7,257 7,209 50,002
Other econqgr;oic impacts, . . NPV yssm -354 -69 -1,787 -939 -3,150
P i




Assessment of Basin-wide Development Scenarios

Main Report
Summary of scenario assessment LMB Long-term Development Scenario
Incremental values relative to Baseline Climate change
Scenario run no. 8001
Assessment Lao PDR Thailand Cambodia Viet Nam Total
issue Unit Amount  Percent  Amount  Percent Amount  Percent Amount  Percent  Amount Percent
Hydrological assessment
Key hydrological parameters: Location Vientiane Mudakhan Kratie Tan Chau Average
Monthly average dry season flow (March) m3/s 1,150 105% 1,212 83% 1,518 69% 1,035 34% 1,229 63%
Average peak daily flow in wet season ma/s -2,183 -14% 582 2% 2,123 5% -156 -1% 91 0%
Flow reversal in Tonle Sap: Location Prek Kdam TLS only
Average flow volume entering Tonle Sap MCM n/a n/a -2,477 -8% n/a -2,477 -8%
Average date of flow reversal (+/-) Days n/a n/a -19 -13% n/a -19 -13%
Land use and condition assessment
Total irrigated area '000ha 511 250% 1,494 118% 405 148% -183 -9% 2,226 60%
Total irrigated cropped area '000ha 1,003 302% 2,474 174% 1,270 226% 578 13% 5,324 80%
Average area flooded: < 0.5m '000ha 2 10% 3 15% 45 24% -250 -75% -199 -35%
Average area flooded: 0.5 - 1.0m '000ha 1 5% 4 18% -28 -12% -40 -6% -63 -1%
Average area flooded: 1.0 - 3.0m '000ha 20 24% 17 20% 33 5% 340 43% 410 24%
Average area flooded: > 3.0m '000ha 31 11% 29 13% 68 6% 4 73% 132 8%
Area lost to bank erosion Severity Negative -2 Negative -2 Severely negative -3 gal -3 g -3
Area affected by salinity of > 1.3gm/I '000ha 0 0% 0 0% 0 0% 297 16% 297 16%
Water quality and geomorphology
Herbicide runoff tonnes / yr 5,258 359% 18,113 154% 2,575 284% 3,524 15% 29,470 80%
Insecticide and fungicide runoff tonnes / yr 4,783 247% 18,087 132% 1,737 119% 1,378 5% 25,985 61%
Nitrogen runoff from agriculture tonnes / yr 14,668 435% 40,070 345% 6,922 282% 7,469 12% 69,128 85%
Phosphorus runoff from agriculture tonnes / yr 1,647 535% 5,248 424% 938 334% 2,354 28% 10,187 100%
Nitrogen from waste water discharge tonnes / yr 4,580 53% 997 7% 2,763 42% 4,539 46% 12,879 33%
Phosphorus from waste water discharge tonnes /yr 1,374 53% 299 % 829 42% 1,362 46% 3,864 33%
BOD from waste water discharge tonnes / yr 17,175 53% 3,738 7% 10,362 42% 17,020 46% 48,296 33%
Impact on water quality Severity Negative -2 Midly negative -1 Negative -2 Midly negative -1 Negative £2)
Change in sediment supply Severity Severely negative -3 Severely negative -3 Severely negative -3 g -3 e -3
Induced geomorphological changes Severity Severely negative -3 Severely negative -3 Exremely negatiee -4 Severely negative -3 Extremely negaiive 3
Production assessment
Hydropower generated GWh /yr 89,124 2940% 58,462 2433% 26,912 0% 32,302 883% 206,800 2274%
Reservoir fisheries Mtonne / yr -0 -100% -0 -100% -0 -100% -0 -100% -0 -100%
Flood damages USSM /yr -37 -52% -34 -51% -8 -29% -22 -40% -101 -46%
Agricultural production: rice Mtonne / yr 6 709% 11 269% 9 475% 11 63% 37 150%
Agricultural production: non-rice Mtonne / yr 1 2484% 4 336% 0 173% 1 49% 6 191%
Capture fisheries production Mtonne / yr -0 -100% -1 -100% -1 -100% -0 -100% -2 -100%
Aquaculture production Mtonne / yr 0 292% 0 287% 0 187% 3 200% 4 207%
Environmental assessment
Total wetland area: flooded forest '000ha 0 0% 0 0% -1 0% -0 0% il 0%
Total wetland area: marshes ‘000ha 3 42% 1 8% 13 2% 0 0% 17 3%
Total wetland area: inundated grassland  '000ha 3 32% 5 9% 1 0% -0 0% 9 2%
Tonle Sap only: flooded forest ‘000ha 0 0% 0 0% -1 0% 0 0% -1 0%
Tonle Sap only: marshes '000ha 0 0% 0 0% -1 0% 0 0% -1 0%
Tonle Sap only: inundated grassland '000ha 0 0% 0 0% -4 -1% 0 0% -4 -1%
Forest area in reservoir areas ‘000ha -14 -100% -14 -100% -1 -100% -2 -100% -31 -100%
Number of viable deep pools No. -8 -40% -10 -59% -2 -40% 0 0% -20 -43%
Status of river channel habitats Severity Saverely negative -3 Saverely negative -3 Exremely negalive -4 Extremely negative 4 Exremely negaifee -4
Flagship species Survival n/a n/a n/a n/a n/a
Environmental hot spots Severity Catastrophic -4 Extremely negative -4 Extremely negative -3 Catastrophic -5 Catastrophic -4
Biodiversity condition Severity Severely negative -3 Severely negative -3 Negative 2 Negative -2 Severely negalive 3
Economic assessment (net economic values)
Irrigated agricultural production NPV US$M 796 0% 1,367 0% 1,694 0% 411 0% 4,267 0%
Hydropower generated NPV US$M 15,441 673% 481 98% 2,876 0% 2,985 174% 21,783 485%
Hydropower imported/exported NPV US$M 10,193 2994% 2,900 1386% 2,190 0% 799 299% 16,082 1969%
Navigation NPV US$M 0 0% 64 35% 0 0% 0 0% 64 35%
Flood damage mitigation NPV US$M 141 0% 140 0% -244 0% -332 0% -296 0%
Capture fisheries reduction NPV US$M -150 0% -159 0% -1,045 0% -464 0% -1,818 0%
Reservoir fisheries NPV US$M 174 0% 0 0% 236 0% 11 0% 420 0%
Aquaculture production NPV US$M 252 0% 353 0% 262 0% 1,025 0% 1,892 0%
Forest area reduction NPV US$M -304 0% 0 0% -413 0% -14 0% -731 0%
Recession rice NPV US$M 37 0% 17 0% 105 0% 27 0% 185 0%
Wetland area reduction NPV US$M 21 0% 14 0% 5 0% -4 0% 36 0%
Mitigation of salinity affected areas NPV US$M 0 0% 0 0% 0 0% -2 0% -2 0%
Reduction in eco-hotspot/biodiversity NPV US$M -100 0% -80 0% -195 0% -150 0% -525 0%
Total economic impacts NPV US$M 26,501 1006% 5,096 578% 5,470 0% 4,292 217% 41,358 753%
Social assessment
No. of people at risk of loss of livelihood ‘000 1,029 0% 516 0% 1,280 0% 1,985 0% 4,810 0%
Severity of impact on livelihoods Severity Severel negative 3 Severely negative 3 Exremelynegative -4 Extremely negative 4 ECTmIRpahe -4
No. of people employed in:
Irrigated agriculture '000 208 264% 223 98% 209 270% 19 53% 658 157%
Reservoir fisheries (incremental to BS) 000 52 0% 0 0% 71 0% 3 0% 126 0%
Hydropower production '000 360 0% 0 0% 149 0% 18 0% 527 0%
Aquaculture (incremental to BS) '000 82 0% 115 0% 85 0% 246 0% 528 0%
Overall assessment
Overall environment impact Severity Saverely negative -3 Saverely negative -3 Negetive 2 g -3 e -3
Livelihoods Severity Severely negative -3 Severely negative -3 Extremely negative -4 Extremely negative -4 Extremely negative -4
Economic production NPV USSM 26,855  1020% 5,164 585% 7,257 0% 5,231 264% 44,508 810%
Other economic impacts NPV US$M -354 0% -69 0% -1,787 0% -939 0% -3,150 0%
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Summary of scenario assessment LMB Long-term Development Scenario
Incremental values relative to Definite Future Scenario Climate change
Scenario run no. 8001
Assessment Lao PDR Thailand Cambodia Viet Nam Total
issue Unit Amount  Percent  Amount  Percent  Amount Percent Amount  Percent Amount Percent
Hydrological assessment
Key hydrological parameters: Location Vientiane Mudakhan Kratie Tan Chau Average
Monthly average dry season flow (March) m3/s 390 21% 292 12% 647 21% 209 5% 384 14%
Average peak daily flow in wet season m3/s -75 -1% 2,050 9% 3,763 8% 324 2% 1,516 6%
Flow reversal in Tonle Sap: Location Prek Kdam TLS only
Average flow volume entering Tonle Sap MCM n/a n/a 41 0% n/a 41
Average date of flow reversal (+/-) Days n/a n/a -16 -11% n/a -16
Land use and condition assessment
Total irrigated area '000ha 549 330% 1,405 104% 405 148% 143 9% 2,501 2%
Total irrigated cropped area '000ha 1,064 393% 2,140 122% 1,270 226% 672 16% 5,146 76%
Average area flooded: < 0.5m '000ha 4 17% 4 16% 14 6% -324 -79% -303 -45%
Average area flooded: 0.5 - 1.0m '000ha 6 30% 6 30% -5 -2% -84 -12% -77 -8%
Average area flooded: 1.0 - 3.0m '000ha 32 45% 28 35% 69 10% 467 70% 596 40%
Average area flooded: > 3.0m '000ha 7 34% 85 49% 145 15% 5 180% 313 23%
Area lost to bank erosion Severity Seversly negatve -3 Severely negative -3 Saversly negaiive -3 og -3 & -3
Area affected by salinity of > 1.3gm/I '000ha 0 0% 0 0% 0 0% 569 36% 569 36%
Water quality and geomorphology
Herbicide runoff tonnes / yr 5,258 359% 18,113 154% 2,575 284% 3,524 15% 29,470 80%
Insecticide and fungicide runoff tonnes / yr 4,783 247% 18,087 132% 1,737 119% 1,378 5% 25,985 61%
Nitrogen runoff from agriculture tonnes / yr 14,668 435% 40,070 345% 6,922 282% 7,469 12% 69,128 85%
Phosphorus runoff from agriculture tonnes / yr 1,647 535% 5,248 424% 938 334% 2,354 28% 10,187 100%
Nitrogen from waste water discharge tonnes / yr 4,580 53% 997 7% 2,763 42% 4,539 46% 12,879 33%
Phosphorus from waste water discharge tonnes/yr 1,374 53% 299 7% 829 42% 1,362 46% 3,864 33%
BOD from waste water discharge tonnes / yr 17,175 53% 3,738 7% 10,362 42% 17,020 46% 48,296 33%
Impact on water quality Severity Severely negative -3 Negative -2 Severely negative -3 Negative -2 Severely negative -3
Change in sediment supply Severity Midy negative -1 Midy negafive -1 Negative 2 Severely negalive -3 Negative -2
Induced geomorphological changes Severity Negative -2 Negative -2 Extremely negative -4 eg -3 g -3
Production assessment
Hydropower generated GWh/yr 75,753 462% 48,686 400% 24,577 1053% 22,367 165% 171,383 385%
Reservoir fisheries Mtonne / yr -0 -100% -0 -100% -0 -100% -0 -100% -0 -100%
Flood damages USSM /yr 5 19% 6 22% 11 136% 25 266% 47 65%
Agricultural production: rice Mtonne / yr 6 709% 11 269% 9 475% 11 63% 37 150%
Agricultural production: non-rice Mtonne / yr 1 2484% 4 336% 0 173% 1 49% 6 191%
Capture fisheries production Mtonne / yr -0 -100% -1 -100% -1 -100% -0 -100% -2 -100%
Aquaculture production Mtonne / yr 0 104% 0 113% 0 118% 2 100% 3 102%
Environmental assessment
Total wetland area: flooded forest ‘000ha 0 0% 0 0% 1 0% 0 0% 1 0%
Total wetland area: marshes ‘000ha 5 79% 3 28% 24 5% 0 0% 32 6%
Total wetland area: inundated grassland  ‘000ha 6 105% 12 29% 8 3% -0 0% 26 6%
Tonle Sap only: flooded forest '000ha 0 0% 0 0% 1 0% 0 0% 1 0%
Tonle Sap only: marshes '000ha 0 0% 0 0% 1 0% 0 0% 1 0%
Tonle Sap only: inundated grassland '000ha 0 0% 0 0% 2 1% 0 0% 2 1%
Forest area in reservoir areas '000ha -38 -100% -14 -100% -2 -100% -5 -100% -60  -100%
Number of viable deep pools No. -8 -40% -10 -59% -2 -40% 0 0% -20 -43%
Status of river channel habitats Severity Negative -2 Negative -2 Extremely negative -4 g -4 g -3
Flagship species Survival n/a n/a n/a n/a n/a
Environmental hot spots Severity Catastrophic -4 Severely negative -2 Severely negative -3 Catastrophic -5 Extremely negative -4
Biodiversity condition Severity Negative -2 Negative -2 Wiy negative -1 Midly negative -1 Negative -2
Economic assessment (net economic values)
Irrigated agricultural production NPV US$M 796 0% 1,367 0% 1,694 0% 411 0% 4,267 0%
Hydropower generated NPV US$M 10,048 131% 381 65% 2,128 285% 875 23% 13,433 105%
Hydropower imported/exported NPV US$M 8,966 572% 2,049 193% 1,733 379% 192 22% 12,940 327%
Navigation NPV USSM 0 0% 0 0% 0 0% 0 0% 0 0%
Flood damage mitigation NPV US$M -38 -21% -32 -19% -295 -579% -392 -654% -758  -164%
Capture fisheries reduction NPV US$M 78 -34% 28 -15% =721 223% -257 124% -872 92%
Reservoir fisheries NPV US$M 99 134% 0 0% 232 6732% -2 -19% 329 362%
Aquaculture production NPV US$M 126 100% 179 103% 174 197% 284 38% 762 68%
Forest area reduction NPV US$M -174 134% 0 0% -406 6449% 3 -19% -577 376%
Recession rice NPV USSM 56 -295% 27 -265% 211 -199% 36 -405% 330 -229%
Wetland area reduction NPV USSM 48 -177% 61 -129% 158 -103% -3 479% 264  -116%
Mitigation of salinity affected areas NPV USSM 0 0% 0 0% 0 0% -22 -110% -22 -110%
Reduction in eco-hotspot/biodiversity NPV USSM -100 0% -60 300% -130 200% -150 0% -440 518%
Total economic impacts NPV USSM 19,906 216% 4,000 202% 4,777 689% 975 18% 29,658 172%
Social assessment
No. of people at risk of loss of livelihood 000 732 246% 470 1022% 1,178 1155% 1,543 349% 3,923 442%
Severity of impact on livelihoods Severity Midy negaiie 1 Negaliee 2 Severel negative 3 o9 3 & 2
No. of people employed in:
Irrigated agriculture ‘000 208 264% 223 98% 209 270% 19 53% 658 157%
Reservoir fisheries (incremental to BS) ‘000 40 320% 0 0% 70 12065% 1 46% 111 729%
Hydropower production '000 308 592% -5 -100% 134 873% -13 -42% 424 409%
Aquaculture (incremental to BS) '000 54 190% 76 194% 65 331% 82 50% 277 110%
Overall assessment
Overall environment impact Severity Negative -2 Negative -2 Midy negative -1 Negalive -2 Negative -2
Livelihoods Severity Mildly negative -1 Negative 2 Severely negative -3 e -3 o 2
Economic production NPV USSM 20,036 212% 3,976 192% 5,961 460% 1,760 32% 31,733 174%
Other economic impacts NPV USSM -130 58% 25 -26% -1,184 196% -785 511% -2,075  193%
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Myanmar

Flanned mainstream dam
Esisting mainstream dam
Lindar construction dam
Exigting tributory dam
Unicher construchion dam
Prannsd bibaary dam

Wet season irrigated area

Dry season irrigated area
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Source: BDP2 scenario datasets, April 2010
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LMB Very High Development Scenario

Thailand
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. Hydropower and storage Water
Irrigation areas
dams supply
Wet Dry Installed Live Domestic &
No. N R .
season  season capacity ~ storage industrial
Mha Mha GW BCM BCM pa.
Lao PDR 1.90 1.26 91 10.35 55.46 0.90
Thailand 2.99 0.49 7 0.74 3.57 3.57
Cambodia 1.67 2.07 12 131 16.82 151
Viet Nam - Highland 0.32 0.08 15 2.58 3.16 0.28
Viet Nam - Delta 1.53 1.03 - - - 2.12
Mainstream - - 11 14.70 5.23 -
Total LMB 8.41 4.93 136 29.68 84.23 7.32
umB - - 6 15.45 23.19 -
Basin total 8.41 4.93 142 4513 107.43 7.32
1 Scenario run no.: 9000
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Scenario assessment results
Estimated total values

Assessment of Basin-wide Development Scenarios

Main Report

LMB Very High Development Scenario

Scenario run no. 9000

Assessment Lao PDR Thailand Cambodia Viet Nam Total
issue Unit Amount Amount Amount Amount Amount
Hydrological assessment
Key hydrological parameters: Location Vientiane Mudakhan Kratie Tan Chau Average
Monthly average dry season flow (March) m3is 2,093 2,277 2,942 3,386 2,675
Average peak daily flow in wet season m3/s 13,410 23,341 41,241 20,039 24,508
Flow reversal in Tonle Sap: Location Prek Kdam TLS only
Average flow volume entering Tonle Sap MCM n/a n/a 27,008 n/a 27,008
Average date of flow reversal (+/-) Days n/a n/a 132 n/a 11-May
Land use and condition assessment
Total irrigated area '000ha 1,896 2,994 1,667 1,848 8,406
Total irrigated cropped area '000ha 3,686 4,434 5,407 5,061 18,587
Average area flooded: < 0.5m '000ha 21 23 206 468 718
Average area flooded: 0.5 - 1.0m '000ha 19 21 235 719 995
Average area flooded: 1.0 - 3.0m '000ha 70 77 660 580 1,388
Average area flooded: > 3.0m '000ha 217 167 880 3 1,267
Area lost to bank erosion Severity Negative 2 Negative 2 Severelynegatie -3 Severelynegatie -3 v
Area affected by salinity of > 1.3gm/I '000ha 0 0 0 1,631 1,631
Water quality and geomorphology
Herbicide runoff tonnes / yr 23,615 38,585 8,457 44,184 114,840
Insecticide and fungicide runoff tonnes / yr 26,413 43,790 9,648 43,943 123,794
Nitrogen runoff from agriculture tonnes / yr 64,346 70,096 27,397 121,544 283,384
Phosphorus runoff from agriculture tonnes / yr 7,174 8,832 3,656 18,653 38,315
Nitrogen from waste water discharge tonnes / yr 23,268 16,382 14,549 20,748 74,947
Phosphorus from waste water discharge  tonnes/yr 6,980 4,915 4,365 6,224 22,484
BOD from waste water discharge tonnes / yr 87,253 61,432 54,560 77,804 281,049
Impact on water quality Severity Severelynegatie -3 Negative 2 Severelynegatie -3 Severlynegatie -3 S ETAD -3
Change in sediment supply Severity Severely negative -3 Severely negative -3 Extremely negafive -4 Extremely negaive -4 Extremely negative -4
Induced geomorphological changes Severity Severely negative -3 Severely negative -3 Extremely negafive -4 Severely negative -3 Extremely negative -3
Production assessment
Hydropower generated GWh /yr 94,487 60,865 27,411 36,065 218,828
Reservoir fisheries Mtonne / yr 0 0 0 0 0
Flood damages US$M / yr 33 32 12 17 95
Agricultural production: rice Mtonne / yr 19 18 35 32 104
Agricultural production: non-rice Mtonne / yr 5 9 0 4 17
Capture fisheries production Mtonne / yr 0 1 0 0 2
Aquaculture production Mtonne / yr 0 1 0 7 8
Environmental assessment
Total wetland area: flooded forest '000ha 0 0 443 45 489
Total wetland area: marshes '000ha 6 10 496 0 512
Total wetland area: inundated grassland ~ '000ha 5 41 301 55 401
Tonle Sap only: flooded forest '000ha 0 0 442 0 442
Tonle Sap only: marshes '000ha 0 0 305 0 305
Tonle Sap only: inundated grassland '000ha 0 0 262 0 262
Forest area in reservoir areas '000ha 135 14 157 7 312
Number of viable deep pools No. 12 7 3 5 27
Status of river channel habitats Severity Severslynegatie -3 Severdynegatie -3 Extremely negative -4 Severelynegatie -3 Eian) gL -3
Flagship species Survival Extinct Extinct Extinct Suniving Extinct
Environmental hot spots Severity Catastophic S5 Catastophic S Catastrophic S Catastrophic -5 i S5
Biodiversity condition Severity Severely negative -3 Severely negative -3 Extremely negafive -4 Severely negative -3 Extremely negative -3
Economic assessment (net economic values)
Irrigated agricultural production NPV US$M 3,207 2,608 9,484 830 16,129
Hydropower generated NPV US$M 18,443 972 3,091 4,701 27,207
Hydropower imported/exported NPV US$M 10,562 3,109 2,155 1,067 16,893
Navigation NPV US$M 0 246 0 0 246
Flood damage mitigation NPV US$M 149 149 57 77 432
Capture fisheries reduction NPV US$M -132 -162 -1,042 -465 -1,801
Reservoir fisheries NPV US$M 202 0 260 11 473
Aquaculture production NPV US$M 336 470 349 1,367 2,522
Forest area reduction NPV USSM -354 0 -454 -14 -822
Recession rice NPV USSM -27 -26 -191 -30 -274
Wetland area reduction NPV US$M -18 -34 -249 -9 -310
Mitigation of salinity affected areas NPV US$M 0 0 0 16 16
Reduction in eco-hotspot/biodiversity NPV US$M -125 -100 -325 -150 -700
Total economic impacts NPV US$M 32,241 7,233 13,135 7,401 60,011
Social assessment
No. of people at risk of loss of livelihood 000 1,106 516 1,231 1,741 4,594
Severity of impact on livelihoods Severity Seversly negative -3 Severeynegatve -3 Exromelynegatice -4 Negative -2 EIZFTI0 -3
No. of people employed in:
Irrigated agriculture '000 586 460 828 79 1,953
Reservoir fisheries (incremental to BS)  '000 61 0 78 3 141
Hydropower production '000 384 0 171 18 573
Aquaculture (incremental to BS) '000 109 153 114 328 704
Overall assessment
Overall environment impact Severity Severelynegatie -3 Severelynegatie -3 Edremelynegative -4 Severely negative -3 EiEn) gt -3
Livelihoods Severity Severely negative -3 Severely negative -3 Extremely negative -4 Negative -2 Severely negative -3
Economic production NPV USSM 32,749 7,406 15,339 7,976 63,470
Other economic impacts NPV USSM -508 -172 -2,204 -575 -3,459
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Summary of scenario assessment

. . LMB Very High Development Scenario
Incremental values relative to Baseline S 4

Scenario run no. 9000

Assessment Lao PDR Thailand Cambodia Viet Nam Total
issue Unit Amount  Pecent  Amount  Percent Amount  Percent  Amount  Percent  Amount Percent
Hydrological assessment

Key hydrological parameters: Location Vientiane Mudakhan Kratie Tan Chau Average
Monthly average dry season flow (March) m3/s 993 90% 825 57% 745 34% 315 10% 719 37%
Average peak daily flow in wet season ma/s -2,511 -16% -2,160 -8% -5,521 -12% -1,271 -6% -2,866 -10%
Flow reversal in Tonle Sap: Location Prek Kdam TLS only
Average flow volume entering Tonle Sap MCM n/a n/a -5,250 -16% n/a -5,250 -16%
Average date of flow reversal (+/-) Days n/a n/a -13 -9% n/a -13 -9%

Land use and condition assessment

Total irrigated area '000ha 1,692 829% 1,728 137% 1,394 510% -148 7% 4,666 125%
Total irrigated cropped area '000ha 3,354 1010% 3,012 212% 4,844 860% 749 17% 11,958 180%
Average area flooded: < 0.5m '000ha -3 -13% -0 -2% 21 12% 134 40% 152 27%
Average area flooded: 0.5 - 1.0m '000ha -5 -21% -2 -9% 3 1% 51 8% 46 5%
Average area flooded: 1.0 - 3.0m '000ha -14 -17% -13 -14% -52 -7% -214 -27% -293 -17%
Average area flooded: > 3.0m '000ha -55 -20% -65 -28% -175 -17% -2 -47% -297 -19%
Area lost to bank erosion Severity Negative -2 Negative 2 Severely negative 3 Severely negative 3 Severely negative -3

Area affected by salinity of > 1.3gm/I '000ha 0 0% 0 0% 0 0% -221 -12% -221 -12%

Water quality and geomorphology

Herbicide runoff tonnes / yr 22,152 1514% 26,824 228% 7,549 832% 21,357 94% 77,881 211%
Insecticide and fungicide runoff tonnes / yr 24,474 1262% 30,124 220% 8,193 563% 18,223 71% 81,014 189%
Nitrogen runoff from agriculture tonnes / yr 60,975 1809% 58,466 503% 24,942 1016% 57,994 91% 202,377 250%
Phosphorus runoff from agriculture tonnes / yr 6,867 2232% 7,593 613% 3,375 1202% 10,324 124% 28,159 217%
Nitrogen from waste water discharge tonnes / yr 14,639 170% 2,405 17% 7,917 119% 10,852 110% 35,812 92%
Phosphorus from waste water discharge tonnes/yr 4,392 170% 721 17% 2,375 119% 3,256 110% 10,744 92%
BOD from waste water discharge tonnes / yr 54,895 170% 9,018 17% 29,688 119% 40,694 110% 134,295 92%
Impact on water quality Severity Saversly negative -3 Negative 2 Seversly negative -3 Severolynegatie -3 Sevorely negaiie -3

Change in sediment supply Severity Severely negative -3 g -3 g -4 Exremely negatie -4 Extremely negative -4

Induced geomorphological changes Severity Severely negative -3 g -3 g -4 Severely negative -3 Extremely negative -3

Production assessment

Hydropower generated GWh /yr 91,455 3017% 58,462  2433% 27,411 0% 32,406 886% 209,735 2307%
Reservoir fisheries Mtonne / yr 0 94% 0 0% 0 303% 0 11% 0 63%
Flood damages USSM / yr -37 -52% -34 -51% -14 -53% -39 -70% -124 -57%
Agricultural production: rice Mtonne / yr 18 2167% 14 336% 33 1780% 15 81% 79 320%
Agricultural production: non-rice Mtonne / yr 5  13245% 7 563% 0 214% 2 103% 14 430%
Capture fisheries production Mtonne / yr -0 -16% -0 -5% -0 -41% -0 -38% -1 -23%
Aquaculture production Mtonne / yr 0 422% 0 416% 0 282% 5 300% 6 310%

Environmental assessment

Total wetland area: flooded forest '000ha 0 0% 0 0% -9 -2% -1 -1% -10 -2%
Total wetland area: marshes '000ha -2 -24% -2 -19% -22 -4% -0 0% -26 -5%
Total wetland area: inundated grassland  '000ha -4 -44% -9 -18% -17 -5% -0 0% -30 -7%
Tonle Sap only: flooded forest '000ha 0 0% 0 0% -10 -2% 0 0% -10 -2%
Tonle Sap only: marshes '000ha 0 0% 0 0% -4 -1% 0 0% -4 -1%
Tonle Sap only: inundated grassland '000ha 0 0% 0 0% -15 -5% 0 0% -15 -5%
Forest area in reservoir areas '000ha 121 893% 0 0% 155  12458% 5 236% 281 918%
Number of viable deep pools No. -8 -40% -10 -59% -2 -40% 0 0% -20 -43%
Status of river channel habitats Severity Seversly negative -3 o -3 g -4 Severolynegatie -3 [Exremel/ negaiive -3
Flagship species Survival n/a n/a n/a n/a n/a
Environmental hot spots Severity Catastrophic: -5 Catastrophic -5 Catastrophic -5 Catastrophic: -5 Catastrophic: =3
Biodiversity condition Severity Severely negative -3 g -3 g -4 Severolynegatie -3 Extremely negative -3

Economic assessment (net economic values)

Irrigated agricultural production NPV US$M 3,207 0% 2,608 0% 9,484 0% 830 0% 16,129 0%
Hydropower generated NPV US$M 16,149 704% 481 98% 3,091 0% 2,990 175% 22,711 505%
Hydropower imported/exported NPV US$M 10,221 3002% 2,900 1386% 2,155 0% 800 299% 16,076 1969%
Navigation NPV US$M 0 0% 64 35% 0 0% 0 0% 64 35%
Flood damage mitigation NPV US$M 149 0% 149 0% 57 0% 77 0% 432 0%
Capture fisheries reduction NPV US$M -132 0% -162 0% -1,042 0% -465 0% -1,801 0%
Reservoir fisheries NPV US$M 202 0% 0 0% 260 0% 11 0% 473 0%
Agquaculture production NPV US$M 336 0% 470 0% 349 0% 1,367 0% 2,522 0%
Forest area reduction NPV US$M -354 0% 0 0% -454 0% -14 0% -822 0%
Recession rice NPV USSM -27 0% -26 0% -191 0% -30 0% -274 0%
Wetland area reduction NPV US$M -18 0% -34 0% -249 0% -9 0% -310 0%
Mitigation of salinity affected areas NPV US$M 0 0% 0 0% 0 0% 16 0% 16 0%
Reduction in eco-hotspot/biodiversity NPV US$M -125 0% -100 0% -325 0% -150 0% -700 0%
Total economic impacts NPV US$M 29,608 1124% 6,351 720% 13,135 0% 5,423 274% 54,517 992%

Social assessment

No. of people at risk of loss of livelihood ‘000 1,106 0% 516 0% 1,231 0% 1,741 0% 4,594 0%
Severity of impact on livelihoods Severity Severely negative -3 g -3 g -4 Negative -2 Severely negaiive -3
No. of people employed in:
Irrigated agriculture '000 507 644% 234 103% 750 968% 44 126% 1,535 367%
Reservoir fisheries (incremental to BS) 000 61 0% 0 0% 78 0% 3 0% 141 0%
Hydropower production '000 384 0% 0 0% 171 0% 18 0% 573 0%
Aquaculture (incremental to BS) '000 109 0% 153 0% 114 0% 328 0% 704 0%
Overall assessment
Overall environment impact Severity Saversly negative -3 g -3 g -4 Severolynegatie -3 [Exremel/ negaiive -3
Livelihoods Severity Severely negatie 3 ol 3 o -4 Negative 2 Seey ez ke -3
Economic production NPV USSM 30,115  1143% 6,523  739% 15,339 0% 5,997  303% 57,975  1055%
Other economic impacts NPV USSM -508 0% -172 0% -2,204 0% -575 0% -3,459 0%
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Summary of scenario assessment
Incremental values relative to Definite Future Scenario
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LMB Very High Development Scenario

Scenario run no. 9000

Assessment Lao PDR Thailand Cambodia Viet Nam Total
issue Unit Amount Percent Amount  Percent Amount Percent Amount  Percent Amount Percent
Hydrological assessment
Key hydrological parameters: Location Vientiane Mudakhan Kratie Tan Chau Average
Monthly average dry season flow (March) m3/s 233 13% -95 -4% -127 -4% -512 -13% -125 -4%
Average peak daily flow in wet season ma/s -403 -3% -691 -3% -3,881 -9% -791 -4% -1,441 -6%
Flow reversal in Tonle Sap: Location Prek Kdam TLS only
Average flow volume entering Tonle Sap MCM n/a n/a -2,732 -9% n/a -2,732
Average date of flow reversal (+/-) Days n/a n/a -10 -T% n/a -10
Land use and condition assessment
Total irrigated area '000ha 1,729 1039% 1,639 121% 1,394 510% 178 11% 4,941 143%
Total irrigated cropped area '000ha 3,415 1262% 2,678 153% 4,844 860% 843 20% 11,780 173%
Average area flooded: < 0.5m '000ha -2 -8% -0 -1% -10 -5% 60 15% 48 %
Average area flooded: 0.5 - 1.0m '000ha -0 -2% -0 -1% 27 13% 6 1% 32 3%
Average area flooded: 1.0 - 3.0m '000ha -3 -3% -3 -3% -15 -2% -87 -13% -107 -7%
Average area flooded: > 3.0m '000ha -9 -4% -9 -5% -98 -10% -0 -15% -116 -8%
Area lost to bank erosion Severity Severely negative -3 y neg -3 y negat -3 Severely negative -3 Severely negative -3
Area affected by salinity of > 1.3gm/I '000ha 0 0% 0 0% 0 0% 51 3% 51 3%
Water quality and geomorphology
Herbicide runoff tonnes / yr 22,152 1514% 26,824 228% 7,549 832% 21,357 4% 77,881 211%
Insecticide and fungicide runoff tonnes / yr 24,474 1262% 30,124 220% 8,193 563% 18,223 71% 81,014 189%
Nitrogen runoff from agriculture tonnes / yr 60,975 1809% 58,466 503% 24,942 1016% 57,994 91% 202,377 250%
Phosphorus runoff from agriculture tonnes / yr 6,867 2232% 7,593 613% 3,375 1202% 10,324 124% 28,159 277%
Nitrogen from waste water discharge tonnes / yr 14,639 170% 2,405 17% 7,917 119% 10,852 110% 35,812 92%
Phosphorus from waste water discharge tonnes/yr 4,392 170% 721 17% 2,375 119% 3,256 110% 10,744 92%
BOD from waste water discharge tonnes / yr 54,895 170% 9,018 17% 29,688 119% 40,694 110% 134,295 92%
Impact on water quality Severity Bdremely negaiive -4 Severelynegalive -3 Btremely negaiive -4 Extremely negative -4 EiEmyegio =
Change in sediment supply Severity Midly negative -1 Midly negative -1 Severely negative -3 Extremely negative -4 Severely negative -2
Induced geomorphological changes Severity Negative 2 Negative 2 | Bdremelynegaiie -4 Soverelynegaiie -3 CIE 3
Production assessment
Hydropower generated GWh/yr 78,084 476% 48,686 400% 25,077 1074% 22,471 165% 174,318 392%
Reservoir fisheries Mtonne / yr 0 63% 0 0% 0 295% 0 3% 0 52%
Flood damages USSM / yr 5 19% 6 22% 5 58% 8 83% 23 33%
Agricultural production: rice Mtonne / yr 18 2167% 14 336% 33 1780% 15 81% 79 320%
Agricultural production: non-rice Mtonne / yr 5 13245% 7 563% 0 214% 2 103% 14 430%
Capture fisheries production Mtonne / yr -0 -1% -0 -2% -0 -36% -0 -31% -0 -18%
Aquaculture production Mtonne / yr 0 172% 0 184% 0 190% 4 167% 5} 169%
Environmental assessment
Total wetland area: flooded forest '000ha 0 0% 0 0% -7 -1% -1 -1% -7 -1%
Total wetland area: marshes '000ha -0 -4% -0 -4% -10 -2% 0 0% -11 -2%
Total wetland area: inundated grassland ~ '000ha -1 -12% -1 -3% -10 -3% -0 0% -12 -3%
Tonle Sap only: flooded forest '000ha 0 0% 0 0% -7 -2% 0 0% -7 -2%
Tonle Sap only: marshes '000ha 0 0% 0 0% -3 -1% 0 0% -3 -1%
Tonle Sap only: inundated grassland '000ha 0 0% 0 0% -10 -4% 0 0% -10 -4%
Forest area in reservoir areas '000ha 96 252% 0 0% 154 6434% 2 29% 252 421%
Number of viable deep pools No. -8 -40% -10 -59% -2 -40% 0 0% -20 -43%
Status of river channel habitats Sevemy Negative -2 Negative -2 Extremely negative -4 Severely negative -3 Severely negative -3
Flagship species Survival n/a n/a n/a n/a n/a
Environmental hot spots Severity Catastrophic -5 Extremely negative -4 Catastrophic -4 Catastrophic -5 Catastrophic -5
Biodiversity condition Severity Negative -2 Negative -2 Severelynegative -3 Negative -2 Seleiebinecaie -2
Economic assessment (net economic values)
Irrigated agricultural production NPV USSM 3,207 0% 2,608 0% 9,484 0% 830 0% 16,129 0%
Hydropower generated NPV USSM 10,757 140% 381 65% 2,343 313% 881 23% 14,362 112%
Hydropower imported/exported NPV USSM 8,994 574% 2,049 193% 1,698 372% 193 22% 12,934 327%
Navigation NPV USSM [¢] 0% -0 0% 0 0% 0 0% -0 0%
Flood damage mitigation NPV USSM -30 -17% -23 -13% 6 12% 17 28% -30 -6%
Capture fisheries reduction NPV USSM 95 -42% 26 -14% -718 222% -258 125% -855 90%
Reservoir fisheries NPV USSM 128 173% 0 0% 256 7420% -2 -19% 382 420%
Aquaculture production NPV USSM 210 167% 296 170% 261 296% 626 84% 1,393 123%
Forest area reduction NPV USSM -224 173% 0 0% -448 7108% 3 -19% -669 436%
Recession rice NPV USSM -8 42% -16 154% -85 80% -21 239% -130 90%
Wetland area reduction NPV USSM 9 -32% 14 -29% -96 63% -8 1327% -81 36%
Mitigation of salinity affected areas NPV USSM [¢] 0% 0 0% 0 0% -4 -20% -4 -20%
Reduction in eco-hotspot/biodiversity NPV USSM -125 0% -80 400% -260 400% -150 0% -615 724%
Total economic impacts NPV USSM 23,013 249% 5,256 266% 12,442 1795% 2,106 40% 42,816 249%
Social assessment
No. of people at risk of loss of livelihood ‘000 809 272% 470  1022% 1,129 1107% 1,299 294% 3,707 418%
Severity of impact on livelihoods Severity Midly negative -1 Negative -2 Severely negative -3 Midly negative -1 Negative -2
No. of people employed in:
Irrigated agriculture '000 507 644% 234 103% 750 968% 44 126% 1,535 367%
Reservoir fisheries (incremental to BS) 000 48 390% 0 0% 77 13289% 1 46% 126 833%
Hydropower production '000 332 638% -5 -100% 156 1018% -13 -42% 470 453%
Aquaculture (incremental to BS) '000 81 287% 114 292% 94 475% 164 100% 453 181%
Overall assessment
Overall environment impact Severity Negative -2 Negative -2 Severely negative -3 Negative -2 Severely negative -2
Livelihoods Severity Mildly negative -1 Negative -2 Severely negative -3 Midly negative -1 Negative 2
Economic production NPV USSM 23,296 246% 5,335 258% 14,043 1083% 2,527 46% 45,200 247%
Other economic impacts NPV USSM -283 126% -79 84% -1,601 265% -421 274% -2,384  222%
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Summary of scenario assessment
Estimated total values
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Baseline Scenario

Scenario run no. 1000

Specific development . Lao PDR Thailand Cambodia Viet Nam Total
I Issue Assessment criteria )
objective Unit Amount Percent Amount Percent  Amount Percent  Amount Percent  Amount Percent
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area ‘000 ha 204 1,266 273 1,996 3,739
agricultural production tonnage and value Crop production Mtonne /yr 0.871 5.406 1.905 19.834 28.017
Net economic value NPV USSM
1.2 Increase hydropower Hydropower capacity, power Installed capacity Mw 621 245 720 1,586
production generated and value Power generated GWhyr 3,032 2,403 3,659 9,093
Net economic value from generation NPV USSM 2,293 491 1,712 4,496
Net economic value from purchased NPV USSM 340 209 267 817
1.3 Improve navigation River transport Navigable days by class '000 boat-days n/a n/a n/a n/a n/a
Net economic value NPV USSM 182 182
1.4 Decrease damages by ~ Extent and duration of annual Average area flooded annually to max 1.0m depth ‘000 ha 49 47 416 1,003 1,515
floods flooding by class Average area flooded annually > 1.0m depth 000 ha 357 322 1,767 799 3,244
Net economic value of flood damage NPV USSM
1.5 Maintain productivity of ~ Capture fisheries and Annual average capture fish availability Mtonne / yr 0.311 1.027 0.792 0.400 2.530
fishery sector aquaculture production Annual average aquaculture production Mtonne /yr 0.078 0.100 0.127 1.663 1.969
Net economic value of capture fish NPV USSM
2. Environmental protection
2.1 Maintain water quality Water quality Total pollutant discharge tonnes / yr 50,658 108,880 38,593 170,402 368,532
and acceptable flow Water quality conditions Severity
conditions Flow characteristics Average flow in March mas 1,100 1,453 2,197 3,072 1,955
Average wet season peak daily flow mals 15,921 25,501 46,763 21,310 27,374
Average flow volume entering Tonle Sap MCM n/a n/a 32,259 n/a 32,259
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap ‘000 ha 1,038 1,038
Tonle Sap Net economic value NPV USSM
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) 000 ha 17 62 1,288 101 1,467
productivity and ecosystems Net econormic value NPV US$M
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity ‘000 ha 1,851 1,851
intrusion in the Mekong land use Net economic value NPV USSM
2.4 Minimize channel River bank erosion Area at risk to erosion Severity Neutra Neutral Neutral Neutral Neutral
effects on bank erosion Net economic value NPV USSM
and deep pools Flow and sediment transport  Functioning deep pools No. 20 17 5 5 47
changes Induced geomorphological changes Severity Neutral Neutral Neutral Neutral Neutral
2.5 Conservation of Impacts of flow management Status of river channel habitats Severity Neutral Neutral Neutral Neutral Neutral
biodiversity changes on endangered species Flagship species Survival Surviving Suving Suiving Suniing Suing
Unaffected environmental hot spots Severity Neutral Neutral Neutral Netral Neutral
Biodiversity condition Severity Neutral Neutral Neutral Neutral Neutral
Incremental net economic value of habitat areas NPV USSM
3. Social development
3.1 Maintain livelihoods of ~ Health, food and income security No. of people affected ‘000
vulnerable resource-users Severity of impact on health, food and income security Severity Neutal Neutral Neutral Neutal Neutra
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related gmployment from water resource Imigated agriculture 000 79 227 77 35 418
sectors interventions Reservoir fisheries (incremental to BS) ‘000
Hydropower production '000
Aquaculture (incremental to BS) '000
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country  Total net economic value NPV USSM 2,634 882 1,979 5,494
LMB countries benefit from No. of people affected vulnerable to changes 000
the development of water No. of jobs generated 000 79 227 77 35 418
and related resources Overall environment impact Severity Neutral Neutral Neutral Neutral Neutral
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Upper Mekong Dam Scenario

Scenario run no. 2000

Specific development o Lao PDR Thailand Cambodia Viet Nam Total
I Issue Assessment criteria .
objective Unit Amount Percent Amount Percent  Amount Percent ~ Amount Percent  Amount Percent
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area '000 ha 204 1,266 273 1,996 3,739
agricultural production tonnage and value Crop production Mtonne /yr 0.871 5.406 1.905 19.834 28.017
Net economic value NPV USSM
1.2 Increase hydropower Hydropower capacity, power Installed capacity MW 621 245 720 1,586
production generated and value Power generated GWhiyr 3,032 2,403 3,659 9,093
Net economic value from generation NPV USSM 2,293 491 1,712 4,496
Net economic value from purchased NPV USSM 340 209 267 817
1.3 Improve navigation River transport Navigable days by class '000 boat-days n/a n/a n/a n/a n/a
Net economic value NPV USSM 182 182
1.4 Decrease damages by~ Extent and duration of annual  Average area flooded annually to max 1.0m depth ~ '000 ha n/a n/a n/a n/a
floods flooding by class Average area flooded annually > 1.0m depth 000 ha n/a n/a n/a n/a
Net economic value of flood damage NPV USSM
1.5 Maintain productivity of  Capture fisheries and Annual average capture fish availability Mtonne / yr 0.301 1.027 0.792 0.365 2.486
fishery sector aquaculture production Annual average aquaculture production Mtonne / yr 0.150 0.182 0.167 2.494 2.994
Net economic value of capture fish NPV USSM
2. Environmental protection
2.1 Maintain water quality ~ Water quality Total pollutant discharge tonnes /yr 50,658 108,880 38,593 170,402 368,532
and acceptable flow Water quality conditions Severity
conditions Flow characteristics Average flow in March mals 1,874 2,231 2,977 3,731 2,703
Average wet season peak daily flow ma/s 13,831 23,880 45,671 20,962 26,086
Average flow volume entering Tonle Sap MCM n/a n/a 30,145 n/a 30,145
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap '000 ha
Tonle Sap Net economic value NPV US$M
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) '000 ha
productivity and ecosystems Net economic value NPV USSM
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity '000 ha 1,611 1,611
intrusion in the Mekong land use Net economic value NPV USSM
2.4 Minimize channel River bank erosion Area at risk to erosion Severity Midy posiive Midly positive Neutral Neutral Neutral
effects on bank erosion Net econormic value NPV USSM
and deep pools Flow and sediment transport Functioning deep pools No. 20 17 5 5 47
changes Induced geomorphological changes Severity Neutal Neutal Neual Neutal Neutal
2.5 Conservation of Impacts of flow management Status of river channel habitats Severity Neutral Neutral Neutral Neutral Neutral
biodiversity changes on endangered species Flagship species Survival Suniving Suniving Sunviving Sunviing Suniving
Unaffected environmental hot spots Severity Neutral Neutral Neutral Neutral Neutral
Biodiversity condition Severity Neutral Neutral Neutal Neutral Neutral
Incremental net economic value of habitat areas NPV USSM
3. Social development
3.1 Maintain livelihoods of ~ Health, food and income security No. of people affected 000 46 90 390 527
vulnerable resource-users Severity of impact on health, food and income security Severity Midy negative Midy negative Midy negative Midly negative Midly negative
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related gmploymgnt from water resource Irrigated agriculture 000 79 227 77 35 418
sectors interventions Reservoir fisheries (incremental to BS) 000
Hydropower production '000
Aquaculture (incremental to BS) '000
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country  Total net economic value NPV USSM 2,634 882 1,979 5,494
LMB countries benefit from No. of people affected vulnerable to changes 000 46 90 390 527
the development of water No. of jobs generated '000 79 227 77 35 418
and related resources Overall environment impact Severity Neutral Neutral Neutral Neutral Neutral
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Summary of scenario assessment .
. . Upper Mekong Dam Scenario
Incremental values relative to Baseline
Scenario run no. 2000
Specific development o Lao PDR Thailand Cambodia Viet Nam Total
PR Issue Assessment criteria 5
objective Unit Amount Percent Amount  Percent  Amount  Percet ~ Amount  Percent ~ Amount  Percent
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area '000 ha
agricultural production tonnage and value Crop production Mtonne /yr
Net economic value NPV US$M
1.2 Increase hydropower Hydropower capacity, power Installed capacity Mw
production generated and value Power generated GWhyr
Net economic value from generation NPV US$M
Net economic value from purchased NPV US$M
1.3 Improve navigation River transport Navigable days by class '000 boat-days n/a n/a n/a n/a n/a
Net economic value NPV US$M -0 0% -0 0%)
1.4 Decrease damages by Extent and duration of annual Average area flooded annually to max 1.0m depth 000 ha n/a n/aj n/a n/a n/a na n/a n/a
floods flooding by class Average area flooded annually > 1.0m depth ‘000 ha n/a na n/a na n/a wa n/a n/a
Net economic value of flood damage NPV US$M
1.5 Maintain productivity of Capture fisheries and Annual average capture fish availability Mtonne / yr -0.009 -3% -0.034 -9% -0.044 -2%)|
fishery sector aquaculture production Annual average aquaculture production Mtonne /yr 0.072 92% 0.082 81% 0.040 32% 0.831 50% 1.025 529
Net economic value of capture fish NPV US$M
2. Environmental protection
2.1 Maintain water quality Water quality Total pollutant discharge tonnes / yr
and acceptable flow Water quality conditions Severity
conditions Flow characteristics Average flow in March mals 774 70% 778 54% 780 35% 659 21% 748 38%)
Average wet season peak daily flow m3/s -2,090 -13% -1,621 -6% -1,091 -2% -348 2% -1,288 -5%
Average flow volume entering Tonle Sap MCM n/a n/a -2,113 -7% n/a -2,113 7%
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap '000 ha
Tonle Sap Net economic value NPV USSM
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) ‘000 ha
productivity and ecosystems Net economic value NPV USSM
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity '000 ha -240 -13% -240 -13%
intrusion in the Mekong land use Net economic value NPV USSM
2.4 Minimize channel River bank erosion Area at risk to erosion Severity Wiy positve Mildy positve Neutral Neutral Neutal
effects on bank erosion Net economic value NPV USSM
and deep pools Flow and sediment transport Functioning deep pools No.
changes Induced geomorphological changes Severity Neutral Neutal Neutral Neutral Neural
2.5 Conservation of Impacts of flow management Status of river channel habitats Severity Neutral Neutral Neutral Neutral Neutral
biodiversity changes on endangered species Fjagship species Survival n/a nla nla n/a n/a
Unaffected environmental hot spots Severity Neutral Neutral Neutral Neutral Neutral
Biodiversity condition Severity Neutral Neutral Neutral Neutral Neutral
Incremental net economic value of habitat areas NPV US$M
3. Social development
3.1 Maintain livelihoods of ~ Health, food and income security No. of people affected '000 46 90 390 527
vulnerable resource-users Severity of impact on health, food and income security Severity Midly negative Midly negative Midy negative Midly negative Midly negative
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related gmployment from water resource Irrigated agriculture 000
sectors interventions Reservoir fisheries (incremental to BS) 000
Hydropower production ‘000
Aquaculture (incremental to BS) ‘000
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country  Total net economic value NPV US$M -0 0% -0 0%)
LMB countries benefit from No. of people affected vulnerable to changes 000 46 90 390 527
the development of water No. of jobs generated 1000
and related resources Overall environment impact Severity
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Summary of scenario assessment - .
. Definite Future Scenario
Estimated total values
Scenario run no. 3000
Specific development o Lao PDR Thailand Cambodia Viet Nam Total
- Issue Assessment criteria .
objective Unit Amount Percent Amount  Percent  Amount  Pecent ~Amount  Percent Amount  Percent
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area 000 ha 166 1,355 273 1,670 3,465
agricultural production tonnage and value Crop production Mtonne / yr 0.871 5.406 1.905 19.834 28.017
Net economic value NPV USSM -19 -10 -106 -9 -144
1.2 Increase hydropower Hydropower capacity, power Installed capacity MW 3,502 745 1 2,284 6,532
production generated and value Power generated GWhiyr 16,403 12,179 2,335 13,594 44,510
Net economic value from generation NPV USSM 7,686 591 748 3,821 12,845
Net economic value from purchased NPV USSM 1,567 1,060 457 874 3,958
1.3 Improve navigation River transport Navigable days by class '000 boat-days n/a n/a n/a n/a n/a
Net economic value NPV USSM 246 246
1.4 Decrease damages by ~ Extent and duration of annual  Average area flooded annually to max 1.0m depth ‘000 ha 42 45 424 1,121 1,633
floods flooding by class Average area flooded annually > 1.0m depth 000 ha 299 256 1,653 670 2,878
Net economic value of flood damage NPV USSM 179 172 51 60 462
1.5 Maintain productivity of Capture fisheries and Annual average capture fish availability Mtonne / yr 0.285 0.996 0.739 0.367 2.387
fishery sector aquaculture production Annual average aquaculture production Mtonne / yr 0.150 0.182 0.167 2.494 2.994
Net economic value of capture fish NPV USSM -28 -14 -232 548 274
2. Environmental protection
2.1 Maintain water quality Water quality Total pollutant discharge tonnes / yr 50,658 108,880 38,593 170,402 368,532
and afclceptable flow Water quality conditions Severity
conditions Flow characteristics Average flow in March mals 1,860 2,372 3,069 3,898 2,800
Average wet season peak daily flow ma/fs 13,813 24,032 45,123 20,830 25,949
Average flow volume entering Tonle Sap MCM n/a n/a 29,740 n/a 29,740
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap '000 ha 1,028 1,028
Tonle Sap Net econoric value NPV USSM -130 -6 -17 -153
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) '000 ha 12 52 1,267 101 1,432
productivity and ecosystems Net economnic value NPV USSM 27 -47 -153 -1 228
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity '000 ha 1,579 1,579
intrusion in the Mekong land use Net economic value NPV US$M 20 20
2.4 Minimize channel River bank erosion Area atrisk to erosion Severity Midy postive Midy postive Neutal Neutal Neutral
effects on bank erosion Net economic value NPV USSM
and deep pools Flow and sediment transport  Functioning deep pools No. 20 17 5 5 47
changes Induced geomorphological changes Severity iy negative iy negatve Neutral Neutral Midy negatie
2.5 Conservation of Impacts of flow management Status of river channel habitats Severity Midy negative Midy negative Neutral Neutral Midly negative
biodiversity changes on endangered species Flagship species Survival Suniing Suniving Suniving Suniving Sunviing
Unaffected environmental hot spots Severity Neutral Negative Midly negative Neutral Midly negative
Biodiversity condition Severity Midly negative Midly negative Midly negative Midly negative Midly negative
Incremental net economic value of habitat areas NPV USSM -20 -65 -85
3. Social development
3.1 Maintain livelihoods of ~ Health, food and income security No. of people affected 000 297 46 102 442 887
vulnerable resource-users Severity of impact on health, food and income security Severity Negative Midy negative Midy negative Midy negative Negative
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related gmployrqent from water resource Irrigated agriculture 000 79 227 77 35 418
sectors interventions Reservoir fisheries (incremental to BS) '000 12 1 2 15
Hydropower production '000 52 5 15 31 104
Aquaculture (incremental to BS) '000 28 39 20 164 251
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country  Total net economic value NPV USSM 9,229 1,977 693 5,296 17,195
LMB countries benefit from No. of people affected vulnerable to changes 000 297 46 102 442 887
the development of water No. of jobs generated 1000 171 271 113 232 788
and related resources ) Overall environment impact Severity Widynegatve Widynegatve Wiy negaive Wiy egative iy negative
Assessment of Basin-wide Development Scenarios - Main Report 2011 88



Assessment of Basin-wide Development Scenarios
Main Report

Summary of scenario assessment . .
. . Definite Future Scenario
Incremental values relative to Baseline
Scenario run no. 3000
Specific development ey Lao PDR Thailand Cambodia Viet Nam Total
o Issue Assessment criteria )
objective Unit Amount Percent Amount Percent  Amount Percent ~ Amount Percent  Amount Percent
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area '000 ha -38 -18% 89 7% -326 -16% -275 -T%)|
agricultural production tonnage and value Crop production Mtonne / yr
Net economic value NPV US$M -19 -10 -106 -9 -144
1.2 Increase hydropower Hydropower capacity, power Installed capacity Mw 2,881 464% 500 204%| 1 1,564 217% 4,946 312%)
production generated and value Power generated GWhyr 13,371 241%) 9,776 407%) 2,335 9,935  272% 35,417 389%
Net economic value from generation NPV US$M 5,393 235% 100 20% 748 2,109 123% 8,350 186%:
Net economic value from purchased NPV US$M 1,227 360% 851 407% 457 607 227% 3,142 385%)
1.3 Improve navigation River transport Navigable days by class '000 boat-days n/a n/a n/a n/a n/a
Net economic value NPV US$M 64 35% 64 35%)
1.4 Decrease damages by Extent and duration of annual Average area flooded annually to max 1.0m depth ‘000 ha -6 -13% -2 -5% 8 2% 119 12% 118 8%
floods flooding by class Average area flooded annually > 1.0m depth 000 ha 57 16% -66 21% -114 6% 4129 -16% -367 -11%
Net economic value of flood damage NPV US$M 179 172 51 60 462
1.5 Maintain productivity of Capture fisheries and Annual average capture fish availability Mtonne / yr -0.026 -8% -0.031 -3% -0.053 -7% -0.032 -8% -0.142 -6%
fishery sector aquaculture production Annual average aquaculture production Mtonne / yr 0.072 92% 0.082 81% 0.040 32% 0.831 50% 1.025 52%
Net economic value of capture fish NPV US$M -28 -14 -232 548 274
2. Environmental protection
2.1 Maintain water quality Water quality Total pollutant discharge tonnes / yr
and acceptable flow Water quality conditions Severity
conditions Flow characteristics Average flow in March m3ls 760 69% 920 63% 871 40% 826 21% 844 43%
Average wet season peak daily flow m3/s -2,108 -13%| -1,469 -6%! -1,640 -4% -480 -2% -1,424 -5%!
Average flow volume entering Tonle Sap MCM n/a n/a -2,518 -8% n/a -2,518 -8%
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap ‘000 ha -9 -1% -9 -1%)
Tonle Sap Net economic value NPV USSM -130 -6 -17 -153
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) '000 ha -5 -29% -9 -15% -21 -2% -0 0% -35 -2%)
i ecosystems Net economic value NPV USSM -27 -47 -153 -1 -228
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity '000 ha -272 -15% -272 -15%
intrusion in the Mekong land use Net economic value NPV USSM 20 20
2.4 Minimize channel River bank erosion Area at risk to erosion Severity Midly posiive Midy positive Neutral Neutral Neutral
effects on bank erosion Net economic value NPV USSM
and deep pools Flow and sediment transport Functioning deep pools No.
changes Induced geomorphological changes Severity Midy negative Midy negative Neutral Neutral Midly negative
2.5 Conservation of Impacts of flow management Status of river channel habitats Severity Midly negative Midly negative Neutral Neutral Midly negative
biodiversity changes on endangered species Fjagship species Survival nla nla nfa n/a n/a
Unaffected environmental hot spots Severity Neutral Negative Midy negative Neutral Midly negative
Biodiversity condition Severity Midly negative Mildly negative Midly negative Mildly negative Midly negative
Incremental net economic value of habitat areas NPV US$M -20 -65 -85
3. Social development
3.1 Maintain livelihoods of ~ Health, food and income security No. of people affected '000 297 46 102 442 887
vulnerable resource-users Severity of impact on health, food and income security Severity Negative Midly negative Mildly negative Midy negative Negative
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related ~ employment from water resource |rigated agriculture 000
sectors interventions Reservoir fisheries (incremental to BS) 000 12 1 2 15
Hydropower production ‘000 52 5 15 31 104
Aquaculture (incremental to BS) ‘000 28 39 20 164 251
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country  Total net economic value NPV USSM 6,595 250% 1,095 124% 693 3,317 168% 11,700 213%
LMB countries benefit from No. of people affected vulnerable to changes 000 297 46 102 442 887
the development of water No. of jobs generated 000 93 118% 44 20% 36 26% 197 565% 370 89%
and related resources Overall environment impact Severity Midly negative Midy negative Midy negative Midy negative Midly negative
Assessment of Basin-wide Development Scenarios - Main Report 2011 189




Assessment of Basin-wide Development Scenarios
Main Report

Summary of scenario assessment LMB 20-Year Plan Scenario
Estimated total values
Scenario run no. 4000
Specific development o Lao PDR Thailand Cambodia Viet Nam Total
P Issue Assessment criteria )
objective Unit Amount Percent Amount  Percent  Amount  Pecent  Amount  Pecent  Amount Percent
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area '000 ha 450 2,635 457 1,795 5,337
agricultural production tonnage and value Crop production Mtonne /yr 4.225 17.371 5.228 28.345 55.170
Net economic value NPV US$M 300 864 223 94 1,481
1.2 Increase hydropower Hydropower capacity, power Installed capacity Mw 15,385 3,696 4,761 2,583 26,424
production generated and value Power generated GWhiyr 84,416 60,694 23,061 35,058 203,229
Net economic value from generation NPV US$M 14,585 964 1,315 4,659 21,523
Net economic value from NPV US$M 10,407 3,108 2,031 1,066 16,612
1.3 Improve navigation River transport Navigable days by class '000 boat-days n/a n/a n/a n/a n/a
Net economic value NPV US$M 246 246
1.4 Decrease damages by Extent and duration of annual Average area flooded annually to max 1.0m depth ‘000 ha 41 44 432 1,149 1,666
floods flooding by class Average area flooded annually > 1.0m depth 000 ha 289 244 1,609 637 2,779
Net economic value of flood damage NPV US$M 130 130 50 67 377
1.5 Maintain productivity of Capture fisheries and Annual average capture fish availability Mtonne / yr 0.299 0.979 0.473 0.265 2.015
fishery sector aquaculture production Annual average aquaculture production Mtonne / yr 0.204 0.259 0.243 3.326 4.031
Net economic value of capture fish NPV US$M 129 74 -895 234 -459
2. Environmental protection
2.1 Maintain water quality Water quality Total pollutant discharge tonnes / yr 100,143 195,432 54,357 208,047 557,979
and acceptable flow Water quality conditions Severity
conditions Flow characteristics Average flow in March mals 2,218 2,698 3,546 4,179 3,160
Average wet season peak daily flow m3/s 13,540 23,417 43,307 20,455 25,180
Average flow volume entering Tonle Sap MCM n/a n/a 27,993 n/a 27,993
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap ‘000 ha 1,024 1,024
Tonle Sap Net economic value NPV USSM -236 -122 -14 -372
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) '000 ha 11 51 1,257 100 1,419
productivity and ecosystems Net economic value NPV USSM -18 -34 -169 -4 225
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity '000 ha 1,543 1,543
intrusion in the Mekong land use Net economic value NPV USSM 27 27
2.4 Minimize channel River bank erosion Area at risk to erosion Severity Widly negative Midy negative Midy negative Neutral Neutral
effects on bank erosion Net economic value NPV US$M
and deep pools Flow and sediment transport Functioning deep pools No. 12 7 3 5 27
changes Induced geomorphological changes Severity Negative Negative Midy negative Neutral Negative
2.5 Conservation of Impacts of flow management Status of river channel habitats Severity Negative Negative Midy negative Midly negative Negative
biodiversity changes on endangered species  Fiagship species Survival Extinct Extinct Suniing Suniving Extinct
Unaffected environmental hot spots Severity Extremely negative Severely negative Extremely negative Neutral Severely negative
Biodiversity condition Severity Severely negative Severely negative Severely negative Midly negative Severely negative
Incremental net economic value of habitat areas NPV USSM -75 -60 -195 -330
3. Social development
3.1 Maintain livelihoods of Health, food and income security No. of people affected ‘000 907 516 1,212 1,725 4,360
vulnerable resource-users Severity of impact on health, food and income security Severity Severely negative Severely negative Extremely negalive Negative ERaC gD
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related ~employment from water resource |rigated agriculture 000 150 346 84 49 629
sectors interventions Reservoir fisheries (incremental to BS) 000 40 21 3 64
Hydropower production ‘000 382 38 163 29 612
Aquaculture (incremental to BS) '000 55 77 57 164 352
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country  Total net economic value NPV US$M 25,222 5,292 2,237 6,129 38,880
LMB countries benefit from No. of people affected vulnerable to changes 000 907 516 1,212 1,725 4,360
the development of water No. of jobs generated 000 628 461 324 245 1,658
and related resources . .
Overall environment impact Severity Severely negative Severely negative eg Midly negati Severely negative
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Summary of scenario assessment .
. . LMB 20-Year Plan Scenario
Incremental values relative to Baseline
Scenario run no. 4000
Specific development N Lao PDR Thailand Cambodia Viet Nam Total
. Issue Assessment criteria .
objective Unit Amount Percent Amount  Percent  Amount Percent  Amount Percent  Amount Percent
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area '000 ha 245 120%) 1,370 108% 183 67% -201 -10% 1,597 43%
agricultural production tonnage and value Crop production Mtonne /yr 3.354 385%|  11.964 221% 3.324 174% 8.511 3% 27.153 97%
Net economic value NPV US$M 300 864 223 94 1,481
1.2 Increase hydropower Hydropower capacity, power Installed capacity MW 14,764 2377% 3,451 1410% 4,761 1,863 259% 24,839 1566%
production generated and value Power generated GWhiyr 81,384 2684%| 58,291  2426%| 23,061 31,399  858% | 194,136 2135%
Net economic value from generation NPV US$M 12,292 536%) 473 96% 1,315 2,948 172% 17,028 379%)
Net economic value from NPV US$M 10,066 2957% 2,899 1386% 2,031 799 299% 15,796 1934%
1.3 Improve navigation River transport Navigable days by class '000 boat-days n/a n/a n/a n/a n/a
Net ic value NPV US$M 64 35%) 64 35%)
1.4 Decrease damages by Extent and duration of annual Average area flooded annually to max 1.0m depth ‘000 ha -8 -16% -3 -6%)| 16 4% 146 15% 151 10%
floods flooding by class Average area flooded annually > 1.0m depth 000 ha 67 -19% 78 24% -158 9% 162 -20% -465 -14%)
Net economic value of flood damage NPV US$M 130 130 50 67 377
1.5 Maintain productivity of ~ Capture fisheries and Annual average capture fish availability Mtonne / yr -0.012 -4% -0.048 -5% -0.320 -40% -0.135 -34% -0.515 -20%
fishery sector aquaculture production Annual average aquaculture production Mionne /yr 0.126 161% 0.158 158% 0.116 91% 1.662  100% 2.063 105%
Net economic value of capture fish NPV US$M 129 74 -895 234 -459
2. Environmental protection
2.1 Maintain water quality Water quality Total pollutant discharge tonnes / yr 49,486 98% 86,552 79% 15,764 41% 37,646 22% 189,447 51%
and acceptable flow Water quality conditions Severity
conditions Flow characteristics Average flow in March mals 1,118 102% 1,246 86% 1,348 61% 1,107 36% 1,205 62%
Average wet season peak daily flow m3/s -2,381 -15% -2,084 -8% -3,456 7% -855 -4% -2,194 -8%
Average flow volume entering Tonle Sap MCM n/a n/a -4,265 -13%) n/a -4,265 -13%
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap ‘000 ha -14 1% -14 -1%)
Tonle Sap Net economic value NPV USSM -236 -122 -14 372
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) '000 ha -6 -34%) -11 -18%) -31 -2%) -0 0% -48 -3%)
productivity and ecosystems Net economic value NPV USSM -18 -34 -169 -4 -225
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity '000 ha -309 -17% -309 -17%
intrusion in the Mekong land use Net economic value NPV US$M 27 27
2.4 Minimize channel River bank erosion Area at risk to erosion Severity Mildly negative Mildly negative Mildly negative Neutral Mildly negative
effects on bank erosion Net economic value NPV US$M
and deep pools Flow and sediment transport Functioning deep pools No. -8 -40%) -10 -59%) 2 -40%| -20 -43%
changes Induced geomorphological changes Severity Negative Negative Widly negative Neutral Negative
2.5 Conservation of Impacts of flow management Status of river channel habitats Severity Negative Negative Mildly negative Midly negative Negative
biodiversity changes on endangered species Flagship species Survival n/a n/a n/a n/a n/a
Unaffected environmental hot spots Severity Extremely negative Severely negative Exremely negative Neutral Sevarchynogtie
Biodiversity condition Severity Severely negative Severly negative Severely negative Midl negative Severely negative
Incremental net economic value of habitat areas NPV US$M -75 -60 -195 -330
3. Social development
3.1 Maintain livelihoods of Health, food and income security No. of people affected ‘000 907 516 1,212 1,725 4,360
vulnerable resource-users Severity of impact on health, food and income security Severity Severely negative Severely negative Extremely negative Negatve Severely negative
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related ~employment from water resource |rigated agriculture 000 72 91% 119 53% 6 8%) 14 1% 212 51%
sectors interventions Reservoir fisheries (incremental to BS) 000 40 21 3 64
Hydropower production ‘000 382 38 163 29 612
Aquaculture (incremental to BS) '000 55 77 57 164 352
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country Total net economic value NPV US$M 22,588 858% 4,410 500%!| 2,237 4,151 210% 33,386 608%)
LMB countries benefit from No. of people affected vulnerable to changes '000 907 516 1,212 1,725 4,360
the development of water No. of jobs generated 000 549 698% 234 103% 247 319% 210 602% 1,240 297%
and related resources Overall environment impact Severity Severely negative Severely negative Severely negative Midiy negative Severely negative
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Summary of scenario asses§ment » ) LMB 20-Year Plan Scenario
Incremental values relative to Definite Future Scenario
Scenario run no. 4000
Specific development - Lao PDR Thailand Cambodia Viet Nam Total
P Issue Assessment criteria )
objective Unit Amount Percent Amount  Pecent Amount  Percent Amount  Percent Amount Percent
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area '000 ha 283 170%) 1,281 95% 183 67% 125 7% 1,872 54%
agricultural production tonnage and value Crop production Mtonne / yr 3.354 385%|  11.964 221% 3.324 174% 8.511 3% 27.153 7%
Net economic value NPV US$M 320 -1678% 874 -8528% 329 -310% 103 -1177%) 1,625  -1128%
1.2 Increase hydropower Hydropower capacity, power Installed capacity MW 11,882 339% 2,951 396%: 4,760  476000% 299 13% 19,892 305%
production generated and value Power generated GWhiyr 68,013 415%| 48,515 398%| 20,726 888%| 21,465 158%| 158,719 357%
Net economic value from generation NPV US$M 6,899 90%| 373 63%] 567 76%] 839 22% 8,678 68%
Net economic value from purchased NPV US$M 8,840 564%| 2,048 193%) 1,574 345%| 192 22% 12,654 320%
1.3 Improve navigation River transport Navigable days by class '000 boat-days n/a n/a n/a n/a n/a
Net economic value NPV US$M
1.4 Decrease damages by Extent and duration of annual Average area flooded annually to max 1.0m depth ‘000 ha -2 -4% -0 -1% 8 2% 27 2%) 33 2%
floods flooding by class Average area flooded annually > 1.0m depth 000 ha -10 3% 12 5% -44 3% -33 5% -98 3%
Net economic value of flood damage NPV US$M -49 -27% -42 -24% -1 -2%)| 7 12% -85 -18%
1.5 Maintain productivity of  Capture fisheries and Annual average capture fish availability Mtonne / yr 0.014 5% -0.017 -2%)| -0.267 -36%)| -0.102 -28%) -0.372 -16%
fishery sector aquaculture production Annual average aquaculture production Mtonne / yr 0.054 36%, 0.077 42% 0.076 45% 0.831 33%, 1.037 35%
Net economic value of capture fish NPV US$M 156 -565% 87 -640% -663 286% -314 -57%) -734 -268%
2. Environmental protection
2.1 Maintain water quality Water quality Total pollutant discharge tonnes / yr 49,486 98% 86,552 79% 15,764 41% 37,646 22%| 189,447 51%
and acceptable flow Water quality conditions Severity
conditions Flow characteristics Average flow in March m3ls 358 19%) 326 14%) 477 16%) 281 7% 361 13%
Average wet season peak daily flow m3/s -273 -2%)| -615 -3%)| -1,816 -4%)| -374 -2%| -770 -3%
Average flow volume entering Tonle Sap MCM n/a n/a -1,747 -6%)| n/a -1,747 -6%
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap '000 ha -5 0% -5 0%
Tonle Sap Net econormic value NPV USSM -106 82% 116 1840% 3 -19% -219 143%
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) '000 ha -1 -8% -2 -4% -10 -1% -0 0% -13 -1%
productivity and ecosystems Net economic value NPV US$M 8 -31% 14 -29% -15 10% -4 587%) 3 -1%
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity '000 ha -37 -2%| -37 -2%
intrusion in the Mekong land use Net economic value NPV US$M 7 35%) 7 35%
2.4 Minimize channel River bank erosion Area at risk to erosion Severity Negative Negative Wiy negative Neutral Negative
effects on bank erosion Net economic value NPV US$M
and deep pools Flow and sediment transport Functioning deep pools No. -8 -40% -10 -59% -2 -40% -20 -43%
changes Induced geomorphological changes Severity Midly negative Midly negative Midly negative Neutral Midly negative
2.5 Conservation of Impacts of flow management Status of river channel habitats Severity Midly negative Midly negative Midly negative Midly negative Midly negative
biodiversity changes on endangered species  Fiagship species Sunvival nia nia nfa nfa nfa
Unaffected environmental hot spots Severity Extremely negative Negative Severely negative Neutral Negative
Biodiversity condition Severity Negative Negative Negative Neutral Negative
Incremental net economic value of habitat areas NPV US$M -75 -40 200%; -130 200%; -245 288%
3. Social development
3.1 Maintain livelihoods of Health, food and income security No. of people affected '000 610 205% 470 1022% 1,110 1088% 1,283 290% 3,473 392%
vulnerable resource-users Severity of impact on health, food and income security Severity Widy negative Negaiive Severey negaiive Widy negative Negatie
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related ~ employment from water resource |igated agriculture 000 72 91% 119 53% 6 8%) 14 1% 212 51%
sectors interventions Reservoir fisheries (incremental to BS) 000 28 226% 20 3497% 1 46% 49 325%
Hydropower production '000 330 635%) 33 636%| 148 963%) -3 -89%| 508 490%
Aquaculture (incremental to BS) '000 26 94% 38 96% 37 188%) 101 40%
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country Total net economic value NPV US$M 15,993 173%) 3,315 168%) 1,544 223%) 834 16%) 21,685 126%
LMB countries benefit from No. of people affected vulnerable to changes 000 610 205% 470 1022%) 1,110 1088%) 1,283 290%) 3,473 392%
the development of water No. of jobs generated 000 456 266%) 190 70% 211 187%) 13 6% 870 111%
and related resources Overall environment impact Severity Negative Negative Negaiive Neutral Negaiive
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Summary of scenario assessment LMB 20-Year Plan Scenario
Estimated total values Climate change
Scenario run no. 4001
Specific development o Lao PDR Thailand Cambodia Viet Nam Total
S Issue Assessment criteria 5
objective Unit Amount Percent Amount  Percent ~ Amount  Percet ~ Amount  Percet  Amount  Percent
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area '000 ha 450 2,635 457 1,795 5,337
agricultural production tonnage and value Crop production Mtonne / yr 4.225 17.371 5.228 28.345 55.170
Net economic value NPV US$M 327 878 600 132 1,938
1.2 Increase hydropower Hydropower capacity, power Installed capacity MW 15,385 3,696 4,761 2,583 26,424
production generated and value Power generated GWhiyr 84,416 60,694 23,061 35,058 203,229
Net economic value from generation NPV US$M 14,585 964 1,315 4,659 21,523
Net economic value from purchased NPV US$M 10,407 3,108 2,031 1,066 16,612
1.3 Improve navigation River transport Navigable days by class ‘000 boat-days n/a n/a n/a n/a n/a
Net economic value NPV US$M 246 246
1.4 Decrease damages by Extent and duration of annual Average area flooded annually to max 1.0m depth  '000 ha 49 45 417 825 1,336
floods flooding by class Average area flooded annually > 1.0m depth 000 ha 351 296 2,052 1,030 3,729
Net economic value of flood damage NPV US$M 130 130 -226 -307 -273
1.5 Maintain productivity of ~Capture fisheries and Annual average capture fish availability Mtonne / yr
fishery sector aquaculture production Annual average aquaculture production Mtonne / yr 0.204 0.259 0.243 3.326 4.031
Net economic value of capture fish NPV US$M 129 74 -895 234 -459
2. Environmental protection
2.1 Maintain water quality Water quality Total pollutant discharge tonnes / yr 100,143 195,432 64,719 208,047 568,341
and acceptable flow Water quality conditions Severity
conditions Flow characteristics Average flow in March ma/s 2,265 2,759 3,577 4,077 3,170
Average wet season peak daily flow m3/s 13,691 25,919 50,515 21,529 27,914
Average flow volume entering Tonle Sap MCM n/a n/a 30,663 n/a 30,663
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap '000 ha 1,053 1,053
Tonle Sap Net economic value NPV USSM -236 -122 -14 -372
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) '000 ha 16 58 1,327 101 1,502
productivity and ecosystems Net economic value NPV USSM -3 -13 120 -3 101
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity '000 ha 1,874 1,874
intrusion in the Mekong land use Net economic value NPV US$SM 2 -2
2.4 Minimize channel River bank erosion Area at risk to erosion Severity Negative Negative Negative Midy negative Neutral
effects on bank erosion Net economic value NPV USSM
and deep pools Flow and sediment transport Functioning deep pools No. 12 7 3 5 27
changes Induced geomorphological changes Severity Negative Negative Midy negative Wiy negative Negative
2.5 Conservation of Impacts of flow management Status of river channel habitats Severity Negative Negative Midly negative Negative Negative
biodiversity changes on endangered species  Flagship species Survival Extinct Extinct Sunviving Surving Extinct
Unaffected environmental hot spots Severity Catastrophic Extremely negative Extremely negative Negative Extremely negative
Biodiversity condition Severity Severely negative Severely negative Negative Midly negative Severely negative
Incremental net economic value of habitat areas NPV US$M -100 -60 -195 -60 -415
3. Social development
3.1 Maintain livelihoods of Health, food and income security No. of people affected '000 907 516 1,212 1,725 4,360
vulnerable resource-users Severity of impact on health, food and income security Severity Severly negalive Severly negalive Extremely negative Negative Severely negaiive
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related ~ employment from water resource rigated agricutture 000 150 346 84 49 629
sectors interventions Resenvoir fisheries (incremental to BS) ‘000 40 28 4 72
Hydropower production '000 382 38 163 29 612
Aquaculture (incremental to BS) ‘000 55 77 57 164 352
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country Total net economic value NPV US$M 25,238 5,327 2,627 5,705 38,898
LMB countries benefit from No. of people affected vulnerable to changes '000 907 516 1,212 1,725 4,360
the development of water No. of jobs generated 000 628 461 331 246 1,666
and related resources Overall environment impact Severity Severely negative Severely negative Negative Negative ‘Severely negative
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Summary of scenario assessment LMB 20-Year Plan Scenario
Incremental values relative to Baseline Climate change
Scenario run no. 4001
Specific development P Lao PDR Thailand Cambodia Viet Nam Total
.. Issue Assessment criteria .
objective Unit Amount Percent Amount  Percent  Amount Percent  Amount Percent  Amount Percent
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area '000 ha 245 120%) 1,370 108%) 183 67% -201 -10% 1,597 43%
agricultural production tonnage and value Crop production Mtonne / yr 3.354 385%|  11.964 221% 3.324 174% 8.511 3% 27.153 97%
Net economic value NPV US$M 327 878 600 132 1,938
1.2 Increase hydropower Hydropower capacity, power Installed capacity MW 14,764 2377% 3,451 1410% 4,761 1,863 259% 24,839 1566%|
production generated and value Power generated GWhyr 81,384 2684%| 58,291  2426%| 23,061 31,399  858% | 194,136  2135%
Net economic value from generation NPV US$M 12,292 536%) 473 96% 1,315 2,948 172% 17,028 379%|
Net economic value from purchased NPV US$M 10,066 2957% 2,899 1386% 2,031 799 299% 15,796 1934%
1.3 Improve navigation River transport Navigable days by class '000 boat-days n/a n/a n/a n/a n/a
Net economic value NPV US$M 64 35% 64 35%
1.4 Decrease damages by Extent and duration of annual Average area flooded annually to max 1.0m depth ‘000 ha 0 0% -2 -3% 1 0% -178 -18% -179 -12%|
floods flooding by class Average area flooded annually > 1.0m depth 000 ha 6 2%) 25 -8%) 285 16% 230 29% 485 15%)
Net economic value of flood damage NPV US$M 130 130 -226 -307 -273
1.5 Maintain productivity of ~ Capture fisheries and Annual average capture fish availability Mtonne / yr -0.311 -100% -1.027 -100% -0.792 -100% -0.400  -100% -2.530 -100%)
fishery sector aquaculture production Annual average aquaculture production Mionne /yr 0.126 161% 0.158 158% 0.116 91% 1662  100% 2.063 105%
Net economic value of capture fish NPV US$M 129 74 -895 234 -459
2. Environmental protection
2.1 Maintain water quality Water quality Total pollutant discharge tonnes / yr 49,486 98% 86,552 79%] 26,125 68% 37,646 22% 199,809 54%)
and acceptable flow Water quality conditions Severity
conditions Flow characteristics Average flow in March mafs 1,165 106% 1,306 90% 1,380 63% 1,006 33% 1,214 62%
Average wet season peak daily flow m3/s -2,230 -14%) 418 2% 3,752 8% 219 1% 540 2%
Average flow volume entering Tonle Sap MCM n/a n/a -1,596 -5% n/a -1,596 -5%
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap ‘000 ha 15 1% 15 1%
Tonle Sap Net economic value NPV USSM -236 -122 -14 -372
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) '000 ha -1 -4% -4 -6%) 40 3% -0 0% 35 2%
productivity and ecosystems Net economic value NPV USSM -3 -13 120 -3 101
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity ‘000 ha 23 1% 23 1%
intrusion in the Mekong land use Net economic value NPV USSM 2 -2
2.4 Minimize channel River bank erosion Area at risk to erosion Severity Negative Negative Negative Midy negative Negative
effects on bank erosion Net economic value NPV USSM
and deep pools Flow and sediment transport Functioning deep pools No. -8 -40%| -10 -59%) -2 -40% -20 -43%)
changes Induced geomorphological changes Severity Negative Negative Midly negative Wiy negative Negative
2.5 Conservation of Impacts of flow management Status of river channel habitats Severity Negative Negative Midly negative Negative Negative
biodiversity changes on endangered species  Flagship species Survival n/a n/a n/a n/a n/a
Unaffected environmental hot spots Severity Catastrophic: Extremely negative Extremely negative Negative Extremely negative
Biodiversity condition Severity Severely negative Severely negative Negative Mildly negative Severely negative
Incremental net economic value of habitat areas NPV US$M -100 -60 -195 -60 -415
3. Social development
3.1 Maintain livelihoods of Health, food and income security No. of people affected '000 907 516 1,212 1,725 4,360
vulnerable resource-users Severity of impact on health, food and income security Severity Seversly negaive Severely negaive Exremely negative Negative Seversly negaive
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related ~employment from water resource rigated agricutture 000 72 91% 119 53% 6 8% 14 4% 212 519
sectors interventions Reservoir fisheries (incremental to BS) 000 40 28 4 72
Hydropower production ‘000 382 38 163 29 612
Aquaculture (incremental to BS) ‘000 55 77 57 164 352
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country Total net economic value NPV US$M 22,605 858% 4,445 504%| 2,627 3,726 188% 33,403 608%
LMB countries benefit from No. of people affected vulnerable to changes 000 907 516 1,212 1,725 4,360
the development of water No. of jobs generated 000 549 698% 234 103% 254 328% 211 604% 1,248 299%)
and related resources Overall environment impact Severity Severely negative Severely negative Negatie Negative Severely negative
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Summary of scenario assessment LMB 20-Year Plan Scenario
Incremental values relative to Definite Future Scenario Climate change
Scenario run no. 4001
Specific development o Lao PDR Thailand Cambodia Viet Nam Total
P Issue Assessment criteria X
objective Unit Amount Percent Amount  Pecent Amount  Percet Amount  Pecent ~ Amount  Percent
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area ‘000 ha 283 170%) 1,281 95% 183 67% 125 7% 1,872 54%
agricultural production tonnage and value Crop production Ntonne /yr 3.354 385%|  11.964 221% 3.324 174% 8511 43%|  27.153 7%
Net economic value NPV US$M 346 -1816%| 889 -8672%)| 706 -666% 141 -1605%| 2,082 -1445%
1.2 Increase hydropower Hydropower capacity, power Installed capacity MW 11,882 339% 2,951 396% 4,760  476000% 299 13% 19,892 305%
production generated and value Power generated GWhiyr 68,013 415%| 48,515 398%| 20,726 888%| 21,465 158%| 158,719  357%
Net economic value from generation NPV US$M 6,899 90% 373 63% 567 76% 839 22%) 8,678 68%
Net economic value from purchased NPV US$M 8,840 564% 2,048 193%) 1,574 345% 192 22%) 12,654 320%
1.3 Improve navigation River transport Navigable days by class '000 boat-days n/a n/a n/a n/a n/a
Net economic value NPV USSM
1.4 Decrease damages by Extent and duration of annual Average area flooded annually to max 1.0m depth 000 ha 6 15% 1 2%) -7 -2% -297 -26% -297 -18%
floods flooding by class Average area flooded annually > 1.0m depth 000 ha 52 17% 41 16%) 399 24% 359 54%) 851 30%
Net economic value of flood damage NPV US$M -49 -27% -42 -24% -277 -543% -367 -612%| -735  -159%
1.5 Maintain productivity of ~Capture fisheries and Annual average capture fish availability Mtonne / yr -0.285 -100% -0.996 -100% -0.739 -100% -0.367 -100%) -2.387  -100%
fishery sector aquaculture production Annual average aquaculture production Mtonne /yr 0.054 36% 0.077 2% 0.076 45% 0.831 33%) 1.037 35%
Net economic value of capture fish NPV US$M 156 -565%)| 87 -640%)| -663 286% -314 -57%) -734  -268%
2. Environmental protection
2.1 Maintain water quality Water quality Total pollutant discharge tonnes / yr 49,486 98% 86,552 79% 26,125 68% 37,646 22%| 199,809 54%
and acceptable flow Water quality conditions Severity
conditions Flow characteristics Average flow in March m3ls 405 22% 387 16%, 508 17% 179 5%| 370 13%
Average wet season peak daily flow m3/s -122 -1% 1,887 8% 5,393 12% 699 3% 1,964 8%
Average flow volume entering Tonle Sap MCM n/a n/a 922 3% n/a 922 3%
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap '000 ha 24 2% 24 2%
Tonle Sap Net economic value NPV USSM -106 82%, 116 1840% 3 -19%] 219 143%
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) '000 ha 4 35% 5 10% 61 5% 0 0% 70 5%
productivity and ecosystems Net economic value NPV USSM 24 -88% 35 73% 273 -178% -3 416%) 329  -144%
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity '000 ha 295 19% 295 19%
intrusion in the Mekong land use Net economic value NPV USSM 22 -110%] 22 -110%
2.4 Minimize channel River bank erosion Area at risk to erosion Severity Severely negative Severely negative Negative Midy negatve Severely negative
effects on bank erosion Net economic value NPV USSM
and deep pools Flow and sediment transport Functioning deep pools No. -8 -40% -10 -59% -2 -40% -20 -43%
changes Induced geomorphological changes Severity Midly negative Midly negative Midy negative Midy negative Midly negative
2.5 Conservation of Impacts of flow management Status of river channel habitats Severity Midly negative Midly negative Midy negative Negative Negative
biodiversity changes on endangered species Fjagship species Survival n/a nla nfa n/a n/a
Unaffected environmental hot spots Severity Catastrophic Negative Severely negative Negative Severely negative
Biodiversity condition Severity Negative Negative Midy negative Neutral Negative
Incremental net economic value of habitat areas NPV US$M -100 -40 200%! -130 200% -60 -330 388%
3. Social development
3.1 Maintain livelihoods of Health, food and income security No. of people affected ‘000 610 205% 470 1022% 1,110 1088% 1,283 290%) 3,473 392%
vulnerable resource-users Severity of impact on health, food and income security Severity Midly negative Negative Severely negative Midy negative Negative
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related ~ employment from water resource |igated agriculture 000 72 91% 119 53% 6 8% 14 41%) 212 51%
sectors interventions Resenvoir fisheries (incremental to BS) 000 28 226%, 27 4703% 2 74%) 57 375%
Hydropower production ‘000 330 635% 33 636%)| 148 963% -3 -8% 508 490%
Aquaculture (incremental to BS) ‘000 26 94% 38 96% 37 188% 101 40%
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country Total net economic value NPV US$M 16,010 173%) 3,350 169%) 1,934 279% 409 8% 21,703 126%
LMB countries benefit from No. of people affected vulnerable to changes 000 610 205% 470 1022% 1,110 1088% 1,283 290% 3,473 392%
the development of water No. of jobs generated 000 456 266%) 190 70% 218 193% 13 6%) 878  111%
and related resources Overall environment impact Severity Negative Negative Mildly negative Mildly negative Negative
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Summary of scenario assessment LMB 20-Year Plan Scenario without mainstream
Estimated total values dams
Scenario run no. 5000
Specific t_jevglopment e AR iR ) Lao PDR Thailand Cambodia Viet Nam Total
objective Unit Amount Percent Amount  Percet  Amount  Percent ~ Amount  Percent ~ Amount Percent
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area '000 ha 450 2,635 457 1,795 5,337
agricultural production tonnage and value Crop production Mtonne /yr 4.225 17.371 5228 28.345 55.170
Net economic value NPV US$M 301 864 227 95 1,487
1.2 Increase hydropower Hydropower capacity, power Installed capacity MW 7,919 745 481 2,583 11,727
production generated and value Power generated GWhiyr 37,609 26,206 3,321 16,346 83,483
Net economic value from generation NPV US$M 9,783 591 1,168 4,022 15,564
Net economic value from purchased NPV US$M 4,208 1,760 462 920 7,351
1.3 Improve navigation River transport Navigable days by class 1000 boat-days n/a n/a n/a n/a n/a
Net economic value NPV US§M 246 246
1.4 Decrease damages by Extent and duration of annual Average area flooded annually to max 1.0m depth ‘000 ha 41 44 434 1,148 1,668
floods flooding by class Average area flooded annually > 1.0m depth 000 ha 290 244 1,620 638 2,792
Net economic value of flood damage NPV US$M 124 124 47 65 360
1.5 Maintain productivity of ~ Capture fisheries and Annual average capture fish availability Mtonne / yr 0.302 0.993 0.680 0.368 2.343
fishery sector aquaculture production Annual average aquaculture production Mtonne / yr 0.204 0.259 0.243 3.326 4.031
Net economic value of capture fish NPV US$M 139 119 -201 579 636
2. Environmental protection
2.1 Maintain water quality ~ Water quality Total pollutant discharge tonnes / yr 100,143 195,432 64,719 208,047 568,341
and acceptable flow Water quality conditions Severity
conditions Flow characteristics Average flow in March mals 2,106 2,586 3,451 4,097 3,060
Average wet season peak daily flow m3/s 13,564 23,421 43,347 20,464 25,199
Average flow volume entering Tonle Sap MCM n/a n/a 28,358 n/a 28,358
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap '000 ha 1,024 1,024
Tonle Sap Net economic value NPV USSM -165 -4 -14 -183
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) 000 ha 11 51 1,258 100 1,420
productivity and ecosystems Net economic value NPV US$M -18 -32 -125 -1 -176
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity '000 ha 1,547 1,547
intrusion in the Mekong land use Net economic value NPV US$M 25 25
2.4 Minimize channel River bank erosion Area at risk to erosion Severity Posiive Posiive Midly posiive Neutral Neutal
effects on bank erosion Net economic value NPV USSM
and deep pools Flow and sediment transport Functioning deep pools No. 20 17 5 5 47
changes Induced geomorphological changes Severity Negative Midy negative Neutral Neutral Midy negative
2.5 Conservation of Impacts of flow management Status of river channel habitats Severity Negative Midly negative Neutral Neutral Mildly negative
biodiversity changes on endangered species Flagship species Survival Sunviving Suniing Suniving Suniving Suniving
Unaffected environmental hot spots Severity Severely negative Negative Negative Neutral Negative
Biodiversity condition Severity Negative Negative Midly negative Mildly negative Negative
Incremental net economic value of habitat areas NPV US§M -50 -40 -130 -220
3. Social development
3.1 Maintain livelihoods of ~ Health, food and income security No. of people affected ‘000 699 201 212 452 1,564
vulnerable resource-users Severity of impact on health, food and income security Severity Severely negafive Mildly negative Negative Mildly negative Negaiive
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related ?mploym_ent from water resource Imigated agriculture 000 150 346 84 49 629
sectors interventions Reservoir fisheries (incremental to BS) '000 28 1 3 32
Hydropower production ‘000 168 7 20 29 224
Aquaculture (incremental to BS) ‘000 55 77 57 164 352
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country  Total net economic value NPV US$M 14,322 3,632 1,446 5,690 25,090
LMB countries benefit from No. of people affected vulnerable to changes 000 699 201 212 452 1,564
the development of water No. of jobs generated 000 202 430 161 245 1,238
and related resources Overall environment impact Severity Negative Negative Midly negative Mildly negative Negative
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Summary of scenario assessment LMB 20-Year Plan Scenario without mainstream
Incremental values relative to Baseline dams
Scenario run no. 5000
Specific development o I — Lao PDR Thailand Cambodia Viet Nam Total
objective Unit Amount Percent Amount  Percent ~Amount  Percent ~Amount  Percent Amount Percent
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area '000 ha 245 120%) 1,370 108% 183 67% -201 -10% 1,597 43%
agricultural production tonnage and value Crop production Mtonne /yr 3.354 385%|  11.964 221% 3.324 174% 8.511 43% 27.153 97%
Net economic value NPV US$M 301 864 227 95 1,487
1.2 Increase hydropower Hydropower capacity, power Installed capacity MW 7,298 1175%] 500 204% 481 1,863 259% 10,142 639%
production generated and value Power generated GWhyr 34,577 1140%| 23,804 991% 3,321 12,688 347% 74,389 818%
Net economic value from generation NPV US$M 7,490 327%) 100 20% 1,168 2,310 135% 11,069 246%
Net economic value from purchased NPV US$M 3,868 1136% 1,551 742%] 462 653 245% 6,534 800%:
1.3 Improve navigation River transport Navigable days by class ‘000 boat-days n/a n/a n/a n/a n/a
Net economic value NPV US$M 64 35%) 64 35%
1.4 Decrease damages by ~ Extent and duration of annual  Average area flooded annually to max 1.0m depth ‘000 ha -8 -16% -3 6% 18 4% 146 15% 153 10%,
floods flooding by class Average area flooded annually > 1.0m depth 000 ha -67 -19% 78 -24%, -147 8% -162 -20% -453 -14%|
Net economic value of flood damage NPV US$M 124 124 47 65 360
1.5 Maintain productivity of ~Capture fisheries and Annual average capture fish availability Mtonne / yr -0.009 -3% -0.035 -3%) -0.112 -14% -0.031 -8% -0.187 -7%|
fishery sector aquaculture production Annual average aquaculture production Mtonne /yr 0.126 161% 0.158 158% 0.116 91% 1.662  100% 2.063 105%
Net economic value of capture fish NPV US$M 139 119 -201 579 636
2. Environmental protection
2.1 Maintain water quality ~ Water quality Total pollutant discharge tonnes / yr 49,486 98%| 86,552 79%| 26,125 68%| 37,646 22% 199,809 54%
and acceptable flow Water quality conditions Severity
conditions Flow characteristics Average flow in March mals 1,006 91% 1,133 78% 1,253 57% 1,026 33% 1,105 56%
Average wet season peak daily flow mals -2,357 -15%) -2,080 -8%) -3,415 7% -846 -4% -2,175 -8%
Average flow volume entering Tonle Sap MCM n/a n/a -3,900 -12% n/a -3,900 -12%
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap ‘000 ha -14 -1% -14 -1%)
Tonle Sap Net economic value NPV US$M -165 -4 -14 -183
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) '000 ha -6 -34% -11 -18% -30 -2% -0 0% -47 -3%)
productivity and ecosystems Net econormic value NPV US$M -18 32 -125 -1 -176
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity '000 ha -305 -16% -305 -16%
intrusion in the Mekong land use Net economic value NPV US$M 25 25
2.4 Minimize channel River bank erosion Area at risk to erosion Severity Positive Positive Midly posive Neutral Midly postive
effects on bank erosion Net economic value NPV US$M
and deep pools Flow and sediment transport Functioning deep pools No.
changes Induced geomorphological changes Severity Negaive Midy negaiive Neutral Neutrl Midy negative
2.5 Conservation of Impacts of flow management Status of river channel habitats Severity Negative Midly negative Neutral Neutral Midly negative
biodiversity changes on endangered species Flagship species Survival n/a nla nla n/a nla
Unaffected environmental hot spots Severity Severely negative Negative Negative Neutral Negative
Biodiversity condition Severity Negative Negatve Midy negatiie Midly negative Negative
Incremental net economic value of habitat areas NPV US$M -50 -40 -130 -220
3. Social development
3.1 Maintain livelihoods of ~ Health, food and income security No. of people affected '000 699 201 212 452 1,564
vulnerable resource-users Severity of impact on health, food and income security Severity Severely negative Midy negative Negative Midly negative Negative
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related gmploym_ent from water resource Irrigated agriculture 000 72 91% 119 53% 6 8% 14 41% 212 51%
sectors interventions Reservoir fisheries (incremental to BS) 000 28 1 3 32
Hydropower production '000 168 7 20 29 224
Aquaculture (incremental to BS) ‘000 55 77 57 164 352
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country  Total net economic value NPV US$M 11,688 444% 2,750 312% 1,446 3,712 188% 19,596 357%
LMB countries benefit from No. of people affected vulnerable to changes 000 699 201 212 452 1,564
the development of water No. of jobs generated 000 323 410% 203 89% 84 108% 210 602% 820 196%
and related resources Overall environment impact Severity Negative Negative Midy negative Midly negative Negative
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LMB 20-Year Plan Scenario without mainstream

Incremental values relative to Definite Future Scenario dams
Scenario run no. 5000
Specific Qevglopment D T —— ) Lao PDR Thailand Cambodia Viet Nam Total
objective Unit Amount Percent Amount Percent  Amount Percent  Amount Percent  Amount Percent
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area ‘000 ha 283 170%) 1,281 95% 183 67% 125 7%!| 1,872 54%
agricultural production tonnage and value Crop production Mtonne /yr 3.354 385%|  11.964 221% 3.324 174% 8.511 43%]  27.153 9%
Net economic value NPV USSM 320 -1680% 874  -8528% 333 -314% 103 -1178% 1,631  -1132%
1.2 Increase hydropower Hydropower capacity, power Installed capacity Mw 4,416 126%) 480 48000% 299 13%) 5,195 80%
production generated and value Power generated GWhyr 21,206 120%| 14,028 115% 986 2% 2,753 20%| 38,973 88%
Net economic value from generation NPV US$M 2,097 27% 420 56% 201 5% 2,719 21%
Net economic value from purchased NPV US$M 2,641 169% 700 66% 5 1% 46 5% 3,393 86%
1.3 Improve navigation River transport Navigable days by class '000 boat-days n/a n/a n/a n/a n/a
Net economic value NPV US$M
1.4 Decrease damages by Extent and duration of annual Average area flooded annually to max 1.0m depth 000 ha -1 -3% -0 1% 10 2% 27 2%) 35 2%
floods flooding by class Average area flooded annually > 1.0m depth 000 ha 9 -3% -12 -5%) -33 2% -32 -5%] -86 3%
Net economic value of flood damage NPV US$M -55 -31%) -48 -28%) -4 -8% 5 8% -102 -22%
1.5 Maintain productivity of ~ Capture fisheries and Annual average capture fish availability Mtonne / yr 0.017 6% -0.003 0% -0.059 8% 0.001 0% -0.045 2%
fishery sector aquaculture production Annual average aquaculture production Mtonne /yr 0.054 36% 0.077 22% 0.076 45% 0.831 33% 1.037 35%
Net economic value of capture fish NPV US$M 166 -602%)| 133 -978%) 31 -13% 31 6% 362 132%
2. Environmental protection
2.1 Maintain water quality Water quality Total pollutant discharge tonnes / yr 49,486 98% 86,552 79% 26,125 68% 37,646 22%| 199,809 54%
and acceptable flow Water quality conditions Severity
conditions Flow characteristics Average flow in March mals 246 13% 214 9% 382 12% 200 5% 260 9%
Average wet season peak daily flow m3fs -249 -2% -611 -3% -1,775 -4% -366 -2%| -750 -3%
Average flow volume entering Tonle Sap MCM n/a n/a -1,382 -5% n/a -1,382 -5%
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap ‘000 ha -5 0% -5 0%
Tonle Sap Net economic value NPV US$M -36 27%) 3 -44% 3 -19% -29 19%
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) '000 ha -1 -8% -2 -4% -9 -1% -0 0% -12 -1%
productivity and ecosystems Net economic value NPV US$M 9 -34% 16 -33% 28 -19% -1 82%) 53 -23%
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity '000 ha -33 -2%| -33] -2%
intrusion in the Mekong land use Net econormic value NPV US$M 5 25%) 5 25%
2.4 Minimize channel River bank erosion Area at risk to erosion Severity Midly positive Mildy positive Midly positive Neutral Neutral
effects on bank erosion Net economic value NPV USSM
and deep pools Flow and sediment transport Functioning deep pools No.
changes Induced geomorphological changes Severity Midy negative Neutal Neutal Neutral Midy negative
2.5 Conservation of Impacts of flow management Status of river channel habitats Severity Midly negative Neutral Neutral Neutral Midly negative
biodiversity changes on endangered species  Fiagship species Survival n/a n/a n/a n/a n/a
Unaffected environmental hot spots Severity Severely negative Midy negatve Negative Neutral Midly negative
Biodiversity condition Severity Midy negatve Midy negatve Neutral Neutral Midly negative
Incremental net economic value of habitat areas NPV US$M -50 -20 100% -65 100% -135 159%
3. Social development
3.1 Maintain livelihoods of ~ Health, food and income security No. of people affected '000 402 135% 155 337%; 110 108% 10 29%| 677 76%
vulnerable resource-users Severity of impact on health, food and income security Severity Midy negatve Noutal Midy negative Neutral Wiy negatve
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related _employm_em from water resource Irrigated agriculture 000 72 91% 119 53% 6 8% 14 41% 212 51%
sectors interventions Reservoir fisheries (incremental to BS) ‘000 16 129%) 1 46% 17 112%
Hydropower production '000 116 223% 2 33% 5 32% -3 -8% 120 116%
Aquaculture (incremental to BS) ‘000 26 94% 38 96% 37 188% 101 40%
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country  Total net economic value NPV US$M 5,093 55% 1,655 84% 753 109% 395 %) 7,896 46%
LMB countries benefit from No. of people affected vulnerable to changes 000 402 135% 155 337% 110 108% 10 29% 677 76%
the development of water No. of jobs generated 000 230 134% 159 59% 48 43% 13 6% 450 57%
and related resources Overall environment impact Severity Midy negatve Midy negative Neutral Neutral Midy negative
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LMB 20-Year Plan Scenario with 6 mainstream

dams in Northern Lao PDR

Scenario run no. 6100

Specific development N Lao PDR Thailand Cambodia Viet Nam Total
.. Issue Assessment criteria .
objective Unit Amount Percent Amount  Percent  Amount Percent ~ Amount  Percent ~ Amount  Percent
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area '000 ha 450 2,635 457 1,795 5,337
agricultural production tonnage and value Crop production Mtonne /yr 4.225 17.371 5.228 28.345 55.170
Net economic value NPV USS$M 300 864 225 95 1,484
1.2 Increase hydropower Hydropower capacity, power Installed capacity MW 14,339 1,824 481 2,583 19,226
production generated and value Power generated GWhyr 70,103 50,558 3,321 21,240 145,222
Net economic value from generation NPV USSM 12,186 591 1,168 4,189 18,133
Net economic value from purchased NPV USSM 7,784 2,976 462 958 12,180
1.3 Improve navigation River transport Navigable days by class ‘000 boat-days n/a n/a n/a n/a n/a
Net economic value NPV USSM 246 246
1.4 Decrease damages by Extent and duration of annual Average area flooded annually to max 1.0m depth 000 ha 41 44 433 1,149 1,667
floods flooding by class Average area flooded annually > 1.0m depth 000 ha 290 244 1,614 637 2,785
Net economic value of flood damage NPV USSM 124 124 a7 65 360
1.5 Maintain productivity of ~ Capture fisheries and Annual average capture fish availability Mtonne / yr 0.306 0.984 0.652 0.342 2.285
fishery sector aquaculture production Annual average aquaculture production Mtonne /yr 0.204 0.259 0.243 3.326 4.031
Net economic value of capture fish NPV USSM 154 89 -294 492 441
2. Environmental protection
2.1 Maintain water quality Water quality Total pollutant discharge tonnes / yr 100,143 195,432 64,719 208,047 568,341
and acceptable flow Water quality conditions Severity
conditions Flow characteristics Average flow in March m3/s 2,193 2,674 3,540 4,175 3,146
Average wet season peak daily flow m3/s 13,713 23,590 43,405 20,466 25,293
Average flow volume entering Tonle Sap MCM n/a n/a 28,339 n/a 28,339
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap '000 ha 1,024 1,024
Tonle Sap Net economic value NPV USSM -210 -4 -14 -228
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) '000 ha 11 51 1,257 100 1,419
productivity and ecosystems Net economic value NPV USSM -18 -34 -125 -1 -178
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity '000 ha 1,532 1,532
intrusion in the Mekong land use Net economic value NPV USSM 23 23
2.4 Minimize channel River bank erosion Area at risk to erosion Severity Positive Positive Midly negative Neutral Neutral
effects on bank erosion Net economic value NPV USSM
and deep pools Flow and sediment transport Functioning deep pools No. 15 11 3 5 34
changes Induced geomorphological changes Severity Midly negative Midly negative Neutral Neutral Midy negative
2.5 Conservation of Impacts of flow management Status of river channel habitats Severity Negative Negative Neutral Midly negative Negative
biodiversity changes on endangered species Flagship species Sunival Surviving Extinct Surviving Sunviving Extinct
Unaffected environmental hot spots Severity Negative Severely negative Negative Neutral Negative
Biodiversity condition Severity Severely negative. Negative Negative Mildly negative Negative
Incremental net economic value of habitat areas NPV USSM -50 -60 -130 -240
3. Social development
3.1 Maintain livelihoods of  Health, food and income security No. of people affected '000 782 201 262 770 2,015
vulnerable resource-users Severity of impact on health, food and income security Severity Severely negative Midly negative Severely negative Negative Severely negative
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related ~ employment from water resource |pigated agriculture 000 150 346 84 49 629
sectors interventions Reservoir fisheries (incremental to BS) '000 36 1 3 40
Hydropower production ‘000 318 20 20 29 387
Aquaculture (incremental to BS) ‘000 55 77 57 164 352
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country  Total net economic value NPV USSM 20,270 4,795 1,351 5,807 32,223
LMB countries benefit from No. of peaple affected vulnerable to changes 000 782 201 262 770 2,015
the development of water No. of jobs generated 000 559 442 161 245 1,408
and related resources Overall environment impact Severity Severely negative Negative Negative Mildly negative Negative
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Summary of scenario assessment LMB 20-Year Plan Scenario with 6 mainstream
Incremental values relative to Baseline dams in Northern Lao PDR
Scenario run no. 6100
Specific development o Lao PDR Thailand Cambodia Viet Nam Total
o Issue Assessment criteria .
objective Unit Amount Percent Amount  Pecent  Amount  Pecent ~ Amount  Pecent  Amount  Percent
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area '000 ha 245 120%! 1,370 108%) 183 67% -201 -10% 1,597 43%
agricultural production tonnage and value Crop production Ntonne /yr 3.354 385%|  11.964 21%|  3.324 174% 8511  43% 27.153 97%
Net economic value NPV US$M 300 864 225 95 1,484
1.2 Increase hydropower Hydropower capacity, power Installed capacity Mw 13,718 2208% 1,579 645%)| 481 1,863 259% 17,641 1112%
production generated and value Power generated GWhyr 67,071 2212%| 48,155  2004%, 3,321 17,581  481% | 136,129  1497%
Net economic value from generation NPV US$M 9,892 431% 100 20% 1,168 2,477 145% 13,638 303%)
Net economic value from purchased NPV US$M 7,443 2186% 2,767 1323% 462 691 259% 11,364 1392%
1.3 Improve navigation River transport Navigable days by class '000 boat-days n/a n/a nla n/a nla
Net economic value NPV USSM 64 35% 64 35%,
1.4 Decrease damages by ~ Extent and duration of annual  Average area flooded annually to max 1.0m depth ‘000 ha -8 -16% -3 -6% 17 4% 146 15% 152 10%;
floods flooding by class Average area flooded annually > 1.0m depth 1000 ha -67 -19% -78 -24% -152 -9% -162 -20% -459 -14%
Net economic value of flood damage NPV US$M 124 124 47 65 360
1.5 Maintain productivity of ~ Capture fisheries and Annual average capture fish availability Mtonne / yr -0.004 -1% -0.044 -4%) -0.140 -18% -0.057 -14% -0.245 -10%|
fishery sector aquaculture production Annual average aquaculture production Mtonne / yr 0.126 161% 0.158 158%; 0.116 91% 1.662  100% 2.063 105%;
Net economic value of capture fish NPV US$M 154 89 -294 492 441
2. Environmental protection
2.1 Maintain water quality Water quality Total pollutant discharge tonnes / yr 49,486 98% 86,552 79% 26,125 68% 37,646 22% 199,809 54%
and acceptable flow Water quality conditions Severity
conditions Flow characteristics Average flow in March mdls 1,093 oo%| 1221 Bav| 1,343 61%| 1,104  36% 1,190 61%
Average wet season peak daily flow m3/s -2,208 -14% -1,911 7% -3,358 7% -844 -4% -2,080 -8%)
Average flow volume entering Tonle Sap MCM n/a n/a -3,920 -12% n/a -3,920 -12%)
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap ‘000 ha -14 -1% -14 -1%)
Tonle Sap Net economic value NPV USSM 210 -4 -14 -228
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) '000 ha -6 -34% -11 -18% -31 -2% -0 0% -48 -3%
productivity and ecosystems Net economic value NPV USSM -18 34 -125 -1 -178
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity '000 ha -319 -17% -319 -17%
intrusion in the Mekong land use Net economic value NPV USSM 23 23
2.4 Minimize channel River bank erosion Area at risk to erosion Severity Positve Positive Midy negative Netral Rleiel
effects on bank erosion Net economic value NPV USSM
and deep pools Flow and sediment transport  Functioning deep pools No. 5 25%) 6 35%) 2 “a0% 13 “28%)
changes Induced geomorphological changes Severity Midly negative Midy negative Neutral Neutral Mildly negative
2.5 Conservation of Impacts of flow management Status of river channel habitats Severity Negative Negative Neutal Midly negative Negative
biodiversity changes on endangered species Fjagship species Survival nla n/a n/a n/a n/a
Unaffected environmental hot spots Severity Negative Severely negative Negative Neutral Negative
Bigdiversity condition Severi(y Severely negative Negative Negative Mildly negative Negative
Incremental net economic value of habitat areas NPV USSM -50 -60 -130 -240
3. Social development
3.1 Maintain livelihoods of ~ Health, food and income security No. of people affected '000 782 201 262 770 2,015
vulnerable resource-users Severity of impact on health, food and income security Severity Severely negafive Mildy negative Severely negaiive Negative Severely negative
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related gmployment from water resource Irrigated agriculture 000 72 91% 119 53% 6 8% 14 41% 212 51%
sectors interventions Reservoir fisheries (incremental to BS) ‘000 36 1 3 40
Hydropower production ‘000 318 20 20 29 387
Aquaculture (incremental to BS) ‘000 55 77 57 164 352
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country  Total net economic value NPV USSM 17,636 670% 3,913 444% 1,351 3,828 193% 26,728 486%
LMB countries benefit from No. of people affected vulnerable to changes 000 782 201 262 770 2,015
the development of water No. of jobs generated 000 480 610% 216 95% 84 108% 210 602% 990 237%
and related resources Overall environment impact Severity Severely negative Negative Negative Midly negative Negative
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Summary of scenario assessment LMB 20-Year Plan Scenario with 6 mainstream
Incremental values relative to Definite Future Scenario dams in Northern Lao PDR
Scenario run no. 6100
Specific development o Lao PDR Thailand Cambodia Viet Nam Total
o Issue Assessment criteria .
objective Unit Amount Percent Amount  Pecent  Amount  Pecent ~ Amount  Pecent  Amount  Percent
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area '000 ha 283 170% 1,281 95% 183 67% 125 %) 1,872 54%
agricultural production tonnage and value Crop production Ntonne /yr 3.354 385%|  11.964 21%|  3.324 174% 8.511 43%| 27153  91%
Net economic value NPV USSM 320 -1678% 874  -8528%, 331 -313% 103 -1178% 1,628 -1130%
1.2 Increase hydropower Hydropower capacity, power Installed capacity Mw 10,836 309% 1,079 145%)| 480  48000% 299 13%) 12,694 194%
production generated and value Power generated GWhyr 53,700 327%| 38,379 315% 986 22% 7,647 56%| 100,712  226%
Net economic value from generation NPV US$M 4,500 59% 420 56% 368 10%)| 5,288 41%
Net economic value from purchased NPV USSM 6,217 397% 1,916 181% 5 1% 84 10%) 8,222  208%
1.3 Improve navigation River transport Navigable days by class '000 boat-days n/a n/a nla n/a nla
Net economic value NPV USSM
1.4 Decrease damages by ~ Extent and duration of annual  Average area flooded annually to max 1.0m depth ‘000 ha -2 -4% -0 -1% 9 2% 27 2% 34 2%
floods flooding by class Average area flooded annually > 1.0m depth 1000 ha 9 3% -12 5% -38 2% -33 -5%) -92 3%
Net economic value of flood damage NPV US$M -55 -31% -48 -28% -4 -8% 5 8% -102 -22%
1.5 Maintain productivity of ~ Capture fisheries and Annual average capture fish availability Mtonne / yr 0.022 8% -0.013 -1%) -0.087 -12% -0.025 7% -0.103 -4%
fishery sector aquaculture production Annual average aquaculture production Mtonne / yr 0.054 36% 0.077 42% 0.076 45% 0.831 33%) 1.037 35%
Net economic value of capture fish NPV US$M 182 -658%| 102 -753%)| -62 27% -55 -10%) 167 61%
2. Environmental protection
2.1 Maintain water quality Water quality Total pollutant discharge tonnes / yr 49,486 98% 86,552 79% 26,125 68% 37,646 22%| 199,809 54%
and acceptable flow Water quality conditions Severity
conditions Flow characteristics Average flow in March mdls 333 18% 302 13%) 471 15% 278 7% 346 12%
Average wet season peak daily flow m3/s -100 -1% -443 -2% -1,718 -4% -364 -2% -656 -3%
Average flow volume entering Tonle Sap MCM n/a n/a -1,402 -5% n/a -1,402 -5%
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap ‘000 ha -5 0% 3 0%
Tonle Sap Net economic value NPV USSM -80 62% 3 -44% 3 -19%) 74 48%
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) '000 ha -1 -8% -2 -4% -10 -1% -0 0% -13 -1%
productivity and ecosystems Net economic value NPV USSM 8 -31% 14 -29% 28 -19% -1 82% 50  -22%
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity ‘000 ha -47 -3% -47 -3%
intrusion in the Mekong land use Net economic value NPV USSM 3 15%) 3 15%
2.4 Minimize channel River bank erosion Area at risk to erosion Severity Mily positve Mildy positve Midy negative Neutral Neutral
effects on bank erosion Net economic value NPV USSM
and deep pools Flow and sediment transport  Functioning deep pools No. 5 25%) 6 35%) 2 “a0% 13 2%
changes Induced geomorphological changes Severity Neutral Neutral Neutral Neutral Neutral
2.5 Conservation of Impacts of flow management Status of river channel habitats Severity Midly negative Midly negative Neutal Midly negative Midly negative
biodiversity changes on endangered species Fjagship species Survival nla n/a n/a n/a n/a
Unaffected environmental hot spots Severity Negative Negative Negative Neutral Negative
Bigdiversity condition Severi(y Negative Mildly negative Mildly negative Neutral Mildly negative
Incremental net economic value of habitat areas NPV USSM -50 -40 200%; -65 100% <155 182%
3. Social development
3.1 Maintain livelihoods of Health, food and income security No. of people affected '000 485 163%) 155 337%) 160 157% 328 74% 1,128 127%
vulnerable resource-users Severity of impact on health, food and income security Severity Midly negative Neutral Negative Midy negative Midy negative
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related gmployment from water resource Irrigated agriculture 000 72 91% 119 53% 6 8% 14 41% 212 51%
sectors interventions Reservoir fisheries (incremental to BS) ‘000 23 190%) 1 46% 24 161%
Hydropower production ‘000 266 512% 14 279%) 5 32% -3 -8%) 283 273%
Aquaculture (incremental to BS) ‘000 26 94% 38 96% 37 188% 101 40%
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country  Total net economic value NPV USSM 11,041 120% 2,818 143% 657 95% 511 10%| 15,028 87%
LMB countries benefit from No. of people affected vulnerable to changes 000 485 163% 155 337% 160 157% 328 74%) 1,128  127%
the development of water No. of jobs generated 000 388 226%) 171 63% 48 43% 13 6% 620 79%
and related resources Overall environment impact Severity Negative Midly negative Midly negative Neutral Midly negative
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Summary of scenario assessment LMB 20-Year Plan Scenario with 9 mainstream
Estimated total values dams, excl Thailand
Scenario run no. 6200
Specific development o Lao PDR Thailand Cambodia Viet Nam Total
S Issue Assessment criteria .
objective Unit Amount Percent Amount  Pecent  Amount  Percet Amount  Pecent ~ Amount  Percent
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area '000 ha 450 2,635 457 1,795 5,337
agricultural production tonnage and value Crop production Ntonne /yr 4.225 17.371 5.228 28.345 55.170
Net economic value NPV US$M 300 864 223 94 1,481
1.2 Increase hydropower Hydropower capacity, power Installed capacity MW 15,385 745 4,761 2,583 23,473
production generated and value Power generated GWhyr 70,664 51,691 23,061 35,058 180,474
Net economic value from generation NPV US$M 13,118 591 1,315 4,659 19,682
Net economic value from purchased NPV US$M 8,206 3,032 2,031 1,066 14,335
1.3 Improve navigation River transport Navigable days by class '000 boat-days n/a n/a n/a n/a n/a
Net economic value NPV US$M 246 246
1.4 Decrease damages by Extent and duration of annual Average area flooded annually to max 1.0m depth 000 ha 41 44 433 1,149 1,667
floods flooding by class Average area flooded annually > 1.0m depth 000 ha 290 244 1,614 637 2,785
Net economic value of flood damage NPV US$M 124 124 a7 65 360
1.5 Maintain productivity of ~Capture fisheries and Annual average capture fish availability Mtonne / yr 0.296 0.984 0.473 0.265 2.018
fishery sector aquaculture production Annual average aquaculture production Mtonne / yr 0.204 0.259 0.243 3.326 4.031
Net economic value of capture fish NPV US$M 119 89 -893 234 -452
2. Environmental protection
2.1 Maintain water quality Water quality Total pollutant discharge tonnes / yr 100,143 195,432 64,719 208,047 568,341
and acceptable flow Water quality conditions Severity
conditions Flow characteristics Average flow in March mals 2,195 2,675 3,531 4,175 3,144
Average wet season peak daily flow m3/s 13,540 23,417 43,307 20,466 25,182
Average flow volume entering Tonle Sap MCM n/a n/a 28,340 n/a 28,340
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap ‘000 ha 1,024 1,024
Tonle Sap Net economic value NPV USSM 212 -122 -14 -349
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) '000 ha 11 51 1,257 100 1,419
i ecosystems Net economic value NPV USSM -18 -34 -169 -4 -225
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity '000 ha 1,563 1,563
intrusion in the Mekong land use Net economic value NPV USSM 21 21
2.4 Minimize channel River bank erosion Area at risk to erosion Severity Midly negative Midy negaive Midy negative Neutral Neutral
effects on bank erosion Net economic value NPV USSM
and deep pools Flow and sediment transport Functioning deep pools No. 12 13 3 5 33
changes Induced geomorphological changes Severity Negative Negative Midy negative Midly negative Negaive
2.5 Conservation of Impacts of flow management Status of river channel habitats Severity Negative Negative Mildly negative Midy negative Negative
biodiversity changes on endangered species Fjagship species Survival Extinct Exinct Suniving Suniving Exinct
Unaffected environmental hot spots Severity Severely negative Severely negative Severely negative Neutral ‘Severely negative
Biodiversity condition Severity Severely negative Severely negative Severely negative Mildly negative Severely negative
Incremental net economic value of habitat areas NPV US$M -75 -60 -195 -330
3. Social development
3.1 Maintain livelihoods of ~ Health, food and income security No. of people affected '000 907 515 1,212 1,725 4,359
vulnerable resource-users Severity of impact on health, food and income security Severity Severely negative Negatve Extremely negative Negative Severely negative
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related ~ employment from water resource |igated agriculture 000 150 346 84 49 629
sectors interventions Reservoir fisheries (incremental to BS) 000 36 21 3 60
Hydropower production ‘000 336 6 163 29 534
Aquaculture (incremental to BS) ‘000 55 77 57 164 352
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country Total net economic value NPV US$M 21,561 4,852 2,237 6,121 34,771
LMB countries benefit from No. of people affected vulnerable to changes 000 907 515 1,212 1,725 4,359
the development of water No. of jobs generated 000 577 429 324 245 1,575
and related resources Overall environment impact Severity Severely negative Saverely negatve Severaly negative Midy negative STy
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Summary of scenario assessment LMB 20-Year Plan Scenario with 9 mainstream
Incremental values relative to Baseline dams, excl Thailand
Scenario run no. 6200
Specific development o Lao PDR Thailand Cambodia Viet Nam Total
- Issue Assessment criteria 5
objective Unit Amount Percent Amount  Pecent  Amount  Percent  Amount  Percent ~ Amount  Percent
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area '000 ha 245 120% 1,370 108%!; 183 67% -201 -10% 1,597 43%
agricultural production tonnage and value Crop production Mtonne /yr 3.354 385%|  11.964 221% 3.324 174% 8511 43% 27.153 97%,
Net economic value NPV US$M 300 864 223 94 1,481
1.2 Increase hydropower Hydropower capacity, power Installed capacity MW 14,764 2377% 500 204%! 4,761 1,863 259% 21,888 1380%
production generated and value Power generated GWhiyr 67,632 2231%| 49,288  2051%| 23,061 31,399  858% | 171,381 1885%
Net economic value from generation NPV US$M 10,825 472%) 100 20% 1,315 2,948 172% 15,187 338%:
Net economic value from purchased NPV USSM 7,865 2310% 2,823 1350% 2,031 799 299% 13,519 1655%
1.3 Improve navigation River transport Navigable days by class '000 boat-days n/a n/a n/a n/a n/a
Net economic value NPV US$M 64 35%) 64 35%
1.4 Decrease damages by Extent and duration of annual Average area flooded annually to max 1.0m depth 000 ha -8 -16% -3 -6%)| 17 4% 146 15% 152 10%
floods flooding by class Average area flooded annually > 1.0m depth 000 ha 67 19% 78 24% 152 9% 162 -20% -459 -14%
Net economic value of flood damage NPV US$M 124 124 a7 65 360
1.5 Maintain productivity of ~Capture fisheries and Annual average capture fish availability Mtonne / yr -0.015 -5%) -0.044 -4%) -0.319 -40% -0.134 -34% -0.512 -20%
fishery sector aquaculture production Annual average aquaculture production Mtonne /yr 0.126 161% 0.158 158% 0.116 91% 1662  100% 2.063 105%
Net economic value of capture fish NPV US$M 119 89 -893 234 -452
2. Environmental protection
2.1 Maintain water quality Water quality Total pollutant discharge tonnes / yr 49,486 98% 86,552 79% 26,125 68% 37,646 22% 199,809 54%
and acceptable flow Water quality conditions Severity
conditions Flow characteristics Average flow in March m3ls 1,095 100% 1,223 84% 1,333 61% 1,104 36% 1,189 61%)
Average wet season peak daily flow m3fs -2,381 -15% -2,084 -8% -3,456 -7% -844 -4% -2,191 -8%
Average flow volume entering Tonle Sap MCM n/a n/a -3,918 -12% n/a -3,918 -12%)
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap ‘000 ha -14 -1% -14 -1%)
Tonle Sap Net economic value NPV USSM 212 -122 -14 -349
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) '000 ha -6 -34% <11 -18% -31 -2% -0 0% -48 -3%)
ecosystems Net economic value NPV USSM -18 -34 -169 -4 -225
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity '000 ha -288 -16% -288 -16%
intrusion in the Mekong land use Net economic value NPV USSM 21 21
2.4 Minimize channel River bank erosion Area at risk to erosion Severity Midly negative Midy negative Midy negative Neutral Midly negative
effects on bank erosion Net economic value NPV USSM
and deep pools Flow and sediment transport Functioning deep pools No. -8 -40% -4 -24% -2 -40% -14 -30%
changes Induced geomorphological changes Severity Negative Negative Midy negative Midly negative Negaive
2.5 Conservation of Impacts of flow management Status of river channel habitats Severity Negative Negative Mildly negative Midy negative Negative
biodiversity changes on endangered species Flagship species Survival n/a n/a n/a n/a n/a
Unaffected environmental hot spots Severity Severely negative Severely negative Severely negative Neutral Severely negative
Biodiversity condition Severity Severely negative Severely negative Severely negative Mildly negative Severely negative
Incremental net economic value of habitat areas NPV US$M -75 -60 -195 -330
3. Social development
3.1 Maintain livelihoods of Health, food and income security No. of people affected ‘000 907 515 1,212 1,725 4,359
Vulnerable resource-users Severity of impact on health, food and income security Severity Severely negative Negative Extramely negaiive Negative Severely negative
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related ~ employment from water resource |igated agriculture 000 72 91% 119 53% 6 8% 14 1% 212 519,
sectors interventions Resenvoir fisheries (incremental to BS) ‘000 36 21 3 60
Hydropower production '000 336 6 163 29 534
Aquaculture (incremental to BS) ‘000 55 77 57 164 352
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country  Total net economic value NPV US$M 18,927 719% 3,970 450% 2,237 4,143 209% 29,276 533%
LMB countries benefit from No. of people affected vulnerable to changes 000 907 515 1,212 1,725 4,359
the development of water No. of jobs generated 000 498 633% 202 89% 247 319% 210 602% 1,158 277%
and related resources Overall environment impact Severity Severely negative Severely negative Severely negative Mildly negatve Severely negative
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Summary of scenario assessment LMB 20-Year Plan Scenario with 9 mainstream
Incremental values relative to Definite Future Scenario dams, excl Thailand
Scenario run no. 6200
Specific development o Lao PDR Thailand Cambodia Viet Nam Total
I Issue Assessment criteria X
objective Unit Amount Percent Amount Percent Amount Percent ~ Amount Percent Amount Percent
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area '000 ha 283 170%) 1,281 95% 183 67% 125 7% 1,872 54%
agricultural production tonnage and value Crop production Mtonne /yr 3.354 385%|  11.964 221% 3.324 174% 8.511 43%|  27.153 9%
Net economic value NPV US$M 320 -1678%| 874 -8528%)| 329 -310% 103 -1177%| 1,625 -1128%
1.2 Increase hydropower Hydropower capacity, power Installed capacity Mw 11,882 339% 4,760  476000% 299 13%) 16,941 259%
production generated and value Power generated GWhiyr 54,261 33106 39,512 324%| 20,726 888%| 21,465 158%| 135,964  305%
Net economic value from generation NPV US$M 5,432 71% 567 76% 839 22%) 6,837 53%
Net economic value from purchased NPV US$M 6,638 424% 1,972 186%) 1,574 345% 192 22% 10,377 262%
1.3 Improve navigation River transport Navigable days by class '000 boat-days n/a n/a n/a n/a n/a
Net economic value NPV US$M
1.4 Decrease damages by Extent and duration of annual Average area flooded annually to max 1.0m depth 000 ha -2 -4% -0 -1% 9 2% 27 2%) 34 2%
floods flooding by class Average area flooded annually > 1.0m depth 000 ha 9 3% 12 5% -38 2% -33 5% -92 3%
Net economic value of flood damage NPV US$M -55 -31%) -48 -28%) -4 -8% 5 8% -102 -22%
1.5 Maintain productivity of ~Capture fisheries and Annual average capture fish availability Mtonne / yr 0.011 4% -0.013 -1% -0.266 -36% -0.102 -28%) -0.370 -15%
fishery sector aquaculture production Annual average aquaculture production Mtonne /yr 0.054 36% 0.077 42% 0.076 45% 0.831 33%) 1.037 35%
Net economic value of capture fish NPV US$M 146 -530%) 102 -753%) -661 285% -314 -57%) 726 -265%
2. Environmental protection
2.1 Maintain water quality Water quality Total pollutant discharge tonnes / yr 49,486 98% 86,552 79% 26,125 68% 37,646 22%| 199,809 54%
and acceptable flow Water quality conditions Severity
conditions Flow characteristics Average flow in March m3ls 335 18% 303 13%, 462 15% 278 %) 344 12%
Average wet season peak daily flow m3/s -273 -2% -615 -3% -1,816 -4% -364 -2% -767 -3%
Average flow volume entering Tonle Sap MCM n/a n/a -1,400 -5% n/a -1,400 -5%
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap ‘000 ha -5 0% -5 0%
Tonle Sap Net economic value NPV USSM -83 64%) 116 1840% 3 -19%] 195 127%
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) '000 ha -1 -8% -2 -4% -10 -1% -0 0% -13 -1%
productivity and ecosystems Net economic value NPV USSM 8 -31% 14 -29% -15 10% -4 587% 3 1%
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity '000 ha -16 1% -16 -1%
intrusion in the Mekong land use Net economic value NPV USSM 1 5% 1 5%
2.4 Minimize channel River bank erosion Area at risk to erosion Severity Negative Negative Midy negative Neutral Negativa
effects on bank erosion Net economic value NPV USSM
and deep pools Flow and sediment transport Functioning deep pools No. -8 -40% -4 24% 2 -40% 14 -30%
changes Induced geomorphological changes Severity Midly negative Midy negative Midly negative Midy negatie Midly negative
2.5 Conservation of Impacts of flow management Status of river channel habitats Severity Midly negative Midly negative Midy negative Midly negatve Wiy negative
biodiversity changes on endangered species Flagship species Survival n/a nla nfa n/a n/a
Unaffected environmental hot spots Severity Severely negative Negative Severely negative Neutral Negative
Biodiversity condition Severity Negative Negative Negative Neutral Negative
Incremental net economic value of habitat areas NPV US$M -75 -40 200%! -130 200% -245 288%
3. Social development
3.1 Maintain livelihoods of Health, food and income security No. of people affected ‘000 610 205% 469 1020% 1,110 1088% 1,283 290%) 3,472 391%
vulnerable resource-users Severity of impact on health, food and income security Severity Midly negative Midly negative Severely negative Midly negative Negative
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related ~ employment from water resource |igated agriculture 000 72 91% 119 53% 6 8% 14 21% 212 51%
sectors interventions Reservoir fisheries (incremental to BS) '000 24 193%) 20 3497% 1 46% 45 298%
Hydropower production '000 284 545% 1 21% 148 963% -3 -8% 430 415%
Aquaculture (incremental to BS) ‘000 26 94% 38 96% 37 188% 101 40%
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country Total net economic value NPV US$M 12,332 134%) 2,874 145%) 1,543 223% 826 16%) 17,576 102%
LMB countries benefit from No. of people affected vulnerable to changes 000 610 205% 469 1020% 1,110 1088% 1,283 290% 3472 391%
the development of water No. of jobs generated 000 406 237% 158 58%) 211 187% 13 6% 788 100%
and related resources Overall environment impact Severity Negative Negative Negative Neutral Negative
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LMB 20-Year Plan Scenario with 9 mainstream

dams, excl Cambodia

Scenario run no. 6300

Specific development N Lao PDR Thailand Cambodia Viet Nam Total
o Issue Assessment criteria 5
objective Unit Amount Percent Amount  Pecent Amount  Pecent ~Amount  Pecent ~Amount  Percent
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area '000 ha 450 2,635 457 1,795 5,337
agricultural production tonnage and value Crop production Mtonne /yr 4.225 17.371 5.228 28.345 55.170
Net economic value NPV USSM 300 864 224 95 1,483
1.2 Increase hydropower Hydropower capacity, power Installed capacity MW 15,385 3,696 481 2,583 22,144
production generated and value Power generated GWhiyr 84,416 56,746 3,321 21,240 165,723
Net economic value from generation NPV USSM 14,585 964 1,168 4,189 20,906
Net economic value from purchased NPV USSM 10,407 2,911 462 958 14,739
1.3 Improve navigation River transport Navigable days by class ‘000 boat-days n/a n/a nla n/a n/a
Net economic value NPV USSM 246 246
1.4 Decrease damages by ~ Extent and duration of annual  Average area flooded annually to max 1.0m depth 000 ha 41 44 433 1,149 1,667
floods flooding by class Average area flooded annually > 1.0m depth 000 ha 290 244 1,614 637 2,785
Net economic value of flood damage NPV USSM 124 124 47 65 360
1.5 Maintain productivity of ~ Capture fisheries and Annual average capture fish availability Mtonne /yr 0.306 0.984 0.610 0.316 2.216
fishery sector aquaculture production Annual average aquaculture production Mtonne /yr 0.204 0.259 0.243 3.326 4.031
Net economic value of capture fish NPV USSM 154 90 -437 406 212
2. Environmental protection
2.1 Maintain water quality Water quality Total pollutant discharge tonnes / yr 100,143 195,432 64,719 208,047 568,341
and acceptable flow Water quality conditions Severity
conditions Flow characteristics Average flow in March m3fs 2,194 2,675 3,535 4,175 3,145
Average wet season peak daily flow m3/s 13,627 23,503 43,356 20,466 25,238
Average flow volume entering Tonle Sap MCM n/a n/a 28,339 n/a 28,339
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap ‘000 ha 1,024 1,024
Tonle Sap Net economic value NPV USSM -236 -4 -14 -254
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) 000 ha 11 51 1,257 100 1,419
productivity and ecosystems Net economic value NPV USSM -18 -34 -125 -1 -178
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity '000 ha 1,563 1,563
intrusion in the Mekong land use Net economic value NPV USSM 23 23
2.4 Minimize channel River bank erosion Area at risk to erosion Severity Midy negative Mildy negative Neutral Neutral Neutral
effects on bank erosion Net economic value NPV USSM
and deep pools Flow and sediment transport Functioning deep pools No. 12 7 5 5 29
changes Induced geomorphological changes Severity Negative Negative Midy negative Midly negative Negative
2.5 Conservation of Impacts of flow management Status of river channel habitats Severity Negative Negative Midly negative: Midly negative Negative
biodiversity changes on endangered species Flagship species Survival Suniing Extinct Suniving Suniing Extindt
Unaffected environmental hot spots Severity Negative Severely negative Severely negative Neutral Negatie
Biodiversity condition Severity Severely negative Severely negative Mildly negative Mildly negative Negative
Incremental net economic value of habitat areas NPV USSM -50 -60 -195 -305
3. Social development
3.1 Maintain livelihoods of ~ Health, food and income security No. of people affected '000 782 516 352 1,088 2,738
vulnerable resource-users Severity of impact on health, food and income security Severity Severely negative Midly negative Severely negative Negative Severely negative
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related _employm_em from water resource Irrigated agriculture 000 150 346 84 49 629
sectors interventions Reservoir fisheries (incremental to BS) ‘000 40 7 3 51
Hydropower production ‘000 379 42 20 29 469
Aquaculture (incremental to BS) ‘000 55 77 57 164 352
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country Total net economic value NPV USSM 25,266 5,105 1,142 5,720 37,233
LMB countries benefit from No. of people affected vulnerable to changes 000 782 516 352 1,088 2,738
the development of water No. of jobs generated 000 624 465 168 245 1,501
and related resources Overall environment impact Severity Severely negative Severely negative Negative idly negave Severely negative
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Summary of scenario assessment LMB 20-Year Plan Scenario with 9 mainstream
Incremental values relative to Baseline dams, excl Cambodia
Scenario run no. 6300
Specific development ey Lao PDR Thailand Cambodia Viet Nam Total
objective e PSR G Unit Amount Percent Amount  Percent Amount  Percent Amount  Percent Amount  Percent
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area ‘000 ha 245 120%! 1,370 108%! 183 67% -201 -10% 1,597 43%
agricultural production tonnage and value Crop production Mtonne /yr 3.354 385%|  11.964 221% 3.324 174% 8.511 43% 27.153 97%
Net economic value NPV US$M 300 864 224 95 1,483
1.2 Increase hydropower Hydropower capacity, power Installed capacity Mw 14,764 2377% 3,451 1410% 481 1,863 259% 20,559 1296%
production generated and value Power generated GWhiyr 81,384 2684%| 54,343 2262% 3,321 17,581  481% | 156,630 1723%
Net economic value from generation NPV US$M 12,292 536% 473 96% 1,168 2,477 145% 16,410 365%!
Net economic value from purchased NPV US$M 10,067 2957% 2,702 1292% 462 691 259% 13,922 1705%
1.3 Improve navigation River transport Navigable days by class '000 boat-days n/a n/a n/a n/a n/a
Net economic value NPV US$M 64 35%) 64 35%)
1.4 Decrease damages by Extent and duration of annual Average area flooded annually to max 1.0m depth 000 ha -8 -16% -3 -6%)| 17 4% 146 15% 152 10%
floods flooding by class Average area flooded annually > 1.0m depth 000 ha 67 19% 78 24% 152 9% 162 -20% -459 -14%
Net economic value of flood damage NPV US$M 124 124 47 65 360
1.5 Maintain productivity of ~Capture fisheries and Annual average capture fish availability Mtonne / yr -0.004 -1%) -0.044 -4%) -0.183 -23% -0.083 -21% -0.314 -12%
fishery sector aquaculture production Annual average aquaculture production Mtonne /yr 0.126 161% 0.158 158% 0.116 91% 1662  100% 2.063 105%
Net economic value of capture fish NPV US$M 154 90 -437 406 212
2. Environmental protection
2.1 Maintain water quality Water quality Total pollutant discharge tonnes / yr 49,486 98% 86,552 79% 26,125 68% 37,646 22% 199,809 54%
and acceptable flow Water quality conditions Severity
conditions Flow characteristics Average flow in March m3ls 1,094 99% 1,222 84% 1,338 61% 1,104 36% 1,189 61%)
Average wet season peak daily flow m3/s -2,295 -14%| -1,998 -8% -3,407 -7% -844 -4% -2,136 -8%!
Average flow volume entering Tonle Sap MCM n/a n/a -3,919 -12% n/a -3,919 -12%
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap '000 ha -14 -1% -14 -1%
Tonle Sap Net economic value NPV USSM -236 -4 -14 -254
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) '000 ha -6 -34% -11 -18% -31 -2% -0 0% -48 -3%)
productivity and ecosystems Net economic value NPV USSM -18 34 -125 -1 -178
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity ‘000 ha -288 -16% -288 -16%
intrusion in the Mekong land use Net economic value NPV USSM 23 23
2.4 Minimize channel River bank erosion Area at risk to erosion Severity Midly negative Midly negative Neutral Neutral Midly negative
effects on bank erosion Net economic value NPV USSM
and deep pools Flow and sediment transport Functioning deep pools No. -8 -40% -10 -59% -18 -38%
changes Induced geomorphological changes Severity Negative Negative Midy negative Midy negative Negative
2.5 Conservation of Impacts of flow management Status of river channel habitats Severity Negative Negative Midy negative Midly negatve Negative
biodiversity changes on endangered species Fjagship species Survival n/a nla nfa n/a n/a
Unaffected environmental hot spots Severity Negative Severely negative Severely negative Neutral Negative
Biodiversity condition Severity Severely negative Severely negative Midly negative Midly negative Negative
Incremental net economic value of habitat areas NPV US$M -50 -60 -195 -305
3. Social development
3.1 Maintain livelihoods of ~ Health, food and income security No. of people affected '000 782 516 352 1,088 2,738
vulnerable resource-users Severity of impact on health, food and income security Severity Severely negative Midy negative Severely negative Negative Severely negative
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related ~ employment from water resource |rigated agriculture 000 72 91% 119 53% 6 8% 14 41% 212 51%
sectors interventions Reservoir fisheries (incremental to BS) 000 40 7 3 51
Hydropower production ‘000 379 42 20 29 469
Aquaculture (incremental to BS) ‘000 55 77 57 164 352
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country  Total net economic value NPV US$M 22,632 859% 4,223 479% 1,142 3,741 189% 31,738 578%)
LMB countries benefit from No. of people affected vulnerable to changes 000 782 516 352 1,088 2,738
the development of water No. of jobs generated 000 545 693% 238 105%) 90 1179% 210 602% 1,084 259%
and related resources Overall environment impact Severity Severely negative Severely negative Negative Midly negative Severely negative
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Assessment of Basin-wide Development Scenarios

Main Report
Summary of scenario assessment LMB 20-Year Plan Scenario wit
Incremental values relative to Definite Future Scenario dams,
Sce
Specific t_iev_elopment EEm AR GG ; Lao PDR Thailand Cambodia Viet Nam
objective Unit Amount Percent Amount  Perent ~ Amount Percent  Amount Percent
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area '000 ha 283 170%) 1,281 95% 183 67% 125 7%
agricultural production tonnage and value Crop production Mtonne/ yr 3.354 385%| 11.964 221% 3.324 174% 8511 3%
Net economic value NPV US$M 320 -1678% 874 -8528% 330 -312% 103 -1178%
1.2 Increase hydropower Hydropower capacity, power Installed cap acity MW 11,882 339% 2,951 396% 480  48000% 299 13%
production generated and value Power generated GWhyr 68,013 415%| 44,567 366% 986 42%) 7,647 56%
Net economic value from generation NPV US$M 6,899 90%| 373 63% 420 56% 368 10%
Net economic value from purchased NPV US$M 8,840 564% 1,851 175% 5 1% 84 10%
1.3 Improve navigation River transport Navigable days by class '000 boat-days n/a n/a n/a n/a
Net economic value NPV US$M
1.4 Decrease damages by Extent and duration of annual Average area flooded annually to max 1.0m depth 000 ha -2 -4%) -0 -1% 9 2%, 27 2%
floods flooding by class Average area flooded annually > 1.0m depth 1000 ha -9 3% 12 -5%) -38 2% -33 5%
Net economic value of flood damage NPV US$M -55 -31%| -48 -28% -4 -8%) 5 8%
1.5 Maintain productivity of =~ Capture fisheries and Annual average capture fish availability Mtonne/ yr 0.021 8%| -0.012 1% -0.129 -18%|  -0.051 -14%
fishery sector aquacutture production Annual average aquaculture production Mtonne/ yr 0.054 36%, 0.077 2% 0.076 45% 0.831 33%
Net economic value of capture fish NPV US$M 181 -656%| 103 -759% -205 88%, -142 -26%
2. Environmental protection
2.1 Maintain water quality Water quality Total pollutant discharge tornes /yr 49,486 98% 86,552 7% 26,125 68%; 37,646 22%
and acceptable flow Water quality conditions Severty
conditions Flow characteristics Average flow in March m3s 334 18% 303 13% 466 15% 278 7%
Average wet season peak daily flow m3's -187 -1% -529 -2%)| -1,767 -4%) -364 2%
Average flow volume entering Tonle Sap MCM n/a n/a -1,401 -5%) n/a
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap '000 ha -5 0%
Tonle Sap Net economic value NPV US$M -106 82%) 3 -44% 3 -19%
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) '000 ha -1 -8% -2 -4% -10 -1% -0 0%
productivity and ecosystems Net economic value NPV USSM 8 -31%) 14 -29% 28 -19% -1 82%
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity '000 ha -16 -1%
intrusion in the Mekong land use Net economic value NPV US$M 3 15%
2.4 Minimize channel River bank erosion Area at risk to erosion Severty Negative Negative Neutral Neutal
effects on bank erosion Net economic value NPV USSM
and deep pools Flow and sediment transport  Functioning deep pools No. 8 -40% 10 -50%)
changes Induced geomorphological changes Severty Midlynegaive Midly negaiie Midynegative Midy negatie
2.5 Conservation of Impacts of flow management Status of river channel habitats Severity Midiynegatve Midly negative Midlynegative Midynegatie
biodiversity changes on endangered species  Fjagship species Sunival n/a n/a n/a nla
Unaffected environmental hot spots Severty Negative Ne gative Severelynegative Neutal
Biod versity condition Severity Negative Ne gative Neutral Neutal
Incremental neteconomic value of habitat areas NPV US$M -50 -40 200% -130 200%
3. Social development
3.1 Maintain livelihoods of Health, food and income security No. of people affected 1000 485 163%. 470 1022% 250 245% 646 146%
vulnerable resource-users Severity of impacton health, food and income security Severity Midy egaive Neutral Negave Midynegaie
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related _employm_ent from water resource Irrigated agriculture 1000 72 91%. 119 53% 6 8% 14 41%
sectors interventions Reservoir fisheries (incremental to BS) '000 28 226% 6 1100%| 1 46%
Hydropower production '000 327 628% 37 711% 5 32% -3 -8%
Aquaculture (incremental to BS) '000 26 94% 38 96% 37 188%)
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country  Total net economic value NPV USSM 16,037 174% 3,128 158% 449 65% 424 8%
LMB countries benefit from No. of people affected vulnerable to changes 000 485 163% 470 1022% 250 245% 646 146%
the development of water No. of jobs generated '000 453 264% 194 71%) 55 48%, 13 6%
and related resources N .
Overall environment impact Severty Negative Ne gative Midlynegative Neutal
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Summary of scenario assessment
Estimated total values

LMB Long-term Development Scenario
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Scenario run no. 8000

Specific development B ARG Lao PDR Thailand Cambodia Viet Nam Total
objective Unit Amount Percent Amount Percent Amount Percent Amount Percent Amount Percent
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area '000 ha 715 2,760 678 1,813 5,966
agricultural production tonnage and value Crop production Mtonne /yr 7.678 20.824 10.766 32.121 71.389
Net economic value NPV US$M 772 1,344 1,539 386 4,041
1.2 Increase hydropower Hydropower capacity, power Installed capacity MW 17,321 3,696 5,507 2,583 29,107
production generated and value Power generated GWhyr 92,156 60,865 26,912 35,961 215,893
Net economic value from generation NPV US$M 17,734 972 2,876 4,696 26,278
Net economic value from purchased NPV US$M 10,533 3,109 2,190 1,066 16,898
1.3 Improve navigation River transport Navigable days by class '000 boat-days n/a n/a n/a n/a n/a
Net economic value NPV US$M 246 246
1.4 Decrease damages by Extent and duration of annual Average area flooded annually to max 1.0m depth 000 ha 41 44 437 1,176 1,699
floods flooding by class Average area flooded annually > 1.0m depth 000 ha 290 247 1,578 598 2,712
Net economic value of flood damage NPV US$M 141 140 54 73 408
1.5 Maintain productivity of ~Capture fisheries and Annual average capture fish availability Mtonne / yr 0.318 0.980 0.551 0.264 2112
fishery sector aquaculture production Annual average aquaculture production Mtonne / yr 0.306 0.388 0.365 4.989 6.047
Net economic value of capture fish NPV US$M 275 193 -547 572 494
2. Environmental protection
2.1 Maintain water quality Water quality Total pollutant discharge tonnes / yr 166,826 215,015 92,628 287,622 762,091
and acceptable flow Water quality Severity
conditions Flow characteristics Average flow in March md/s 2,200 2,608 3,708 4,103 3,155
Average wet season peak daily flow m3/s 13,597 23,574 41,698 20,160 24,757
Average flow volume entering Tonle Sap MCM n/a n/a 26,937 n/a 26,937
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap '000 ha 1,019 1,019
Tonle Sap Net economic value NPV USSM -304 -413 -14 -731
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) '000 ha 11 51 1,249 100 1,412
productivity and ecosystems Net economic value NPV USSM -18 32 -202 -8 -260
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity '000 ha 1,553 1,553
intrusion in the Mekong land use Net economic value NPV US$M 22 22
2.4 Minimize channel River bank erosion Area at risk to erosion Severity Negative Negaiive Severely negative Severely negative Neutral
effects on bank erosion Net economic value NPV US$M
and deep pools Flow and sediment transport Functioning deep pools No. 12 7 3 5 27
changes Induced geomorphological changes Severity Seversly negative Seversly negave Exvemely negaiive rely negati ga
2.5 Conservation of Impacts of flow management  Status of river channel habitats Severity Severely negative Severely negative Exremely negative rely negati gal
biodiversity changes on endangered species Flagship species Survival Extinct Exinct Exinct Surviing Extict
Unaffected environmental hot SDO!S Sevemy Catastrophic Extremely negative Extremely negative Negative Extremely negative
Biodiversity condition Severity Severely negative Severely negative Severely negative Severely negative Severely negative
Incremental net economic value of habitat areas NPV US$M -100 -80 -195 -60 -435
3. Social development
3.1 Maintain livelihoods of ~ Health, food and income security No. of people affected '000 1,029 516 1,224 1,737 4,506
vulnerable resource-users Severity of impact on health, food and income security Severity Sevetely negative Severely negative Extremaly negative Negative SR
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related ~ employment from water resource |igated agriculture 000 286 449 286 53 1,076
sectors interventions Reservoir fisheries (incremental to BS) 000 52 71 3 126
Hydropower production '000 360 149 18 527
Aquaculture (incremental to BS) '000 82 115 85 246 528
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country  Total net economic value NPV US$M 29,035 5,892 5,302 6,733 46,963
LMB countries benefit from No. of people affected vulnerable to changes 000 1,029 516 1,224 1,737 4,506
the development of water No. of jobs generated 000 781 564 591 321 2,257
and related resources Overall environment impact Severity Severely negative Severely negative Severely negative Severely negative Severely negative
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Summary of scenario assessment
Incremental values relative to Baseline

LMB Long-term Development Scenario
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Scenario run no. 8000

Specific development P Lao PDR Thailand Cambodia Viet Nam Total
S Issue Assessment criteria 5
objective Unit Amount Percent Amount  Percent  Amount  Peccent Amount  Percet ~ Amount  Percent
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area '000 ha 511 250%)| 1,494 118%) 405 148%)| -183 -9% 2,226 60%)
agricultural production tonnage and value Crop production Mtonne /yr 6.806 781%|  15.418 285% 8.861 465%|  12.287 62% 43.372 155%)
Net economic value NPV US$M 772 1,344 1,539 386 4,041
1.2 Increase hydropower Hydropower capacity, power Installed capacity MW 16,700 2688% 3,451 1410% 5,507 1,863 259% 27,521 1735%)
production generated and value Power generated GWhiyr 89,124 2940%| 58,462 2433%| 26,912 32,302  883% 206,800 2274%)|
Net economic value from generation NPV US$M 15,441 673%) 481 98% 2,876 2,985 174% 21,783 485%)
Net economic value from NPV US$M 10,193 2994% 2,900 1386% 2,190 799 299% 16,082 1969%
1.3 Improve navigation River transport Navigable days by class '000 boat-days n/a n/a n/a n/a n/a
Net economic value NPV US$M 64 35% 64 35%
1.4 Decrease damages by Extent and duration of annual Average area flooded annually to max 1.0m depth 000 ha -8 -16% -3 -6%)| 21 5% 174 17% 184 12%
floods flooding by class Average area flooded annually > 1.0m depth 000 ha 67 -19% 75 23% -189 11% 201 -25% 532 -16%
Net economic value of flood damage NPV US$M 141 140 54 73 408
1.5 Maintain productivity of ~ Capture fisheries and Annual average capture fish availability Mtonne / yr 0.007 2%) -0.048 5% -0.242 -31% -0.136 -34% -0.418 -17%
fishery sector aquaculture production Annual average aquaculture production Mtonne /yr 0.228 292% 0.288 287% 0.237 187% 3325  200% 4.078 207%)
Net economic value of capture fish NPV US$M 275 193 -547 572 494
2. Environmental protection
2.1 Maintain water quality Water quality Total pollutant discharge tonnes / yr 116,168 229%| 106,135 97% 54,035 140%| 117,220 69% 393,559 107%
and acceptable flow Water quality conditions Severity
conditions Flow characteristics Average flow in March m3/s 1,100 100%! 1,155 80% 1,510 69% 1,031 34% 1,199 61%)
Average wet season peak daily flow m3/s -2,324 -15% -1,927 -8% -5,065 -11%) -1,150 -5% -2,617 -10%)|
Average flow volume entering Tonle Sap MCM n/a n/a -5,322 -16%) n/a -5,322 -16%)|
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap '000 ha -19 -2%)| -19 -2%
Tonle Sap Net economic value NPV US$M -304 -413 -14 -731
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) '000 ha -6 -33% -11 -17%) -39 -3%) -1 -1% -55 -4%)
productivity and ecosystems Net economic value NPV US$M -18 -32 -202 -8 -260
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity '000 ha -299 -16% -299 -16%)
intrusion in the Mekong land use Net economic value NPV US$M 22 22
2.4 Minimize channel River bank erosion Area at risk o erosion Severity Negative Negative Severely negative Severely negative Severely negative
effects on bank erosion Net economic value NPV US$M
and deep pools Flow and sediment transport Functioning deep pools No. -8 -40% -10 -59%) -2 -40%| -20 -43%)
changes Induced changes Severity Severely negative Severely negative Extremely negative. Severely negative Extremely negative
2.5 Conservation of Impacts of flow management Status of river channel habitats Severity Severely negative Severely negative Extremely negative rely negati gat
biodiversity changes on endangered species  Flagship species Survival n/a n/a n/a n/a n/a
Unaffected environmental hot spots Severity Catastrophic Extremely negative Extremely negative. Negative Extremely negative
Biodiversity condition Severity Severely negative Severely negative Severely negative rely negati rely negai
Incremental net economic value of habitat areas NPV US$M -100 -80 -195 -60 -435
3. Social development
3.1 Maintain livelihoods of Health, food and income security No. of people affected '000 1,029 516 1,224 1,737 4,506
vulnerable resource-users Severity of impact on health, food and income security Severity Severely negative Severely negative Exvremely negative Negatie e
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related  employment from water resource |igated agriculture 000 208 264% 223 98% 209 270% 19 53% 658 157%)
sectors interventions Resenvoir fisheries (incremental to BS) 000 52 71 3 126
Hydropower production '000 360 149 18 527
Aquaculture (incremental to BS) '000 82 115 85 246 528
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country  Total net economic value NPV US$M 26,401 1002% 5,010 568% 5,302 4,755 240% 41,468 755%)
LMB countries benefit from No. of people affected vulnerable to changes 000 1,029 516 1,224 1,737 4,506
the development of water No. of jobs generated 000 702 892% 338 149% 514 663% 286 819% 1,839 440%
and related resources Overall environment impact Severity Severely negative Severely negative Severely negative Severely negative Severely negative
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Summary of scenario assessment .
. - . LMB Long-term Development Scenario
Incremental values relative to Definite Future Scenario
Scenario run no. 8000
Specific development L Lao PDR Thailand Cambodia Viet Nam Total
P Issue Assessment criteria .
objective Unit Amount Percent Amount  Pecent ~ Amount  Percet Amount  Pecent ~ Amount  Percent
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area ‘000 ha 549 330% 1,405 104%)| 405 148% 143 9% 2,501 2%
agricultural production tonnage and value Crop production Mtonne /yr 6.806 781%|  15.418 285% 8.861 465%|  12.287 62%| 43372  155%
Net economic value NPV USSM 792 -4155% 1,354 -13209%) 1,645  -1552% 395  -4498%) 4,185  -2905%
1.2 Increase hydropower Hydropower capacity, power Installed capacity MW 13,819 395% 2,951 396%! 5,506  550600% 299 13% 22,575 346%
production generated and value Power generated GWhyr 75,753 462%| 48,686 400%| 24,577 1053%| 22,367 165%| 171,383  385%
Net economic value from generation NPV US$M 10,048 131%! 381 65% 2,128 285% 875 23%) 13,433 105%
Net economic value from purchased NPV US$M 8,966 572% 2,049 193%) 1,733 379% 192 22% 12,940 327%
1.3 Improve navigation River transport Navigable days by class ‘000 boat-days n/a nla n/a n/a n/a
Net economic value NPV US$M
1.4 Decrease damages by ~ Extent and duration of annual Average area flooded annually to max 1.0m depth ‘000 ha -1 -3% -0 -1% 13 3% 55 5%) 66 4%
floods flooding by class Average area flooded annually > 1.0m depth 000 ha 9 3% 9 3% 75 5% 72 11% -165 6%
Net economic value of flood damage NPV US$M -38 -21% -32 -19% 3 6% 13 22%) -54 -12%
1.5 Maintain productivity of Capture fisheries and Annual average capture fish availability Mtonne / yr 0.033 11% -0.016 -2% -0.189 -26% -0.103 -28%) -0.276 -12%
fishery sector aquaculture production Annual average aquaculture production Mtonne /yr 0.156 104% 0.206 113% 0.197 118% 2.494 100%) 3.053  102%
Net economic value of capture fish NPV US$M 303 -1096% 207 -1521% -315 136% 25 4% 220 80%
2. Environmental protection
2.1 Maintain water quality Water quality Total pollutant discharge tonnes / yr 116,168 229%| 106,135 97% 54,035 140%| 117,220 69%| 393,559 107%
and acceptable flow Water quality conditions Severity
conditions Flow characteristics Average flow in March mals 340 18% 236 10%) 639 21% 205 5% 355 13%
Average wet season peak daily flow m3/s -217 -2%) -458 -2% -3,425 -8% -670 -3% -1,192 -5%
Average flow volume entering Tonle Sap MCM n/a n/a -2,803 -9% n/a -2,803 -9%
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap '000 ha -9 -1% 9 -1%
Tonle Sap Net economic value NPV USSM -174 134%) 406 6449% 3 -19%) 577 376%
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) '000 ha -1 -6%) -1 -3%)| -18 -1% -1 1% -20 -1%
i ecosystems Net economic value NPV USSM 9 -35%) 15 -32%) -48 32% -8 1237%) -32 14%
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity '000 ha -27 -2%| -27 -2%
intrusion in the Mekong land use Net economic value NPV USSM 2 10%) 2 10%
2.4 Minimize channel River bank erosion Area at risk to erosion Severity Severely negative Severely negative Severely negative Severely negative Severely negative
effects on bank erosion Net economic value NPV USSM
and deep pools Flow and sediment transport Functioning deep pools No. -8 -40% -10 -59% -2 -40% -20 -43%
changes Induced geomorphological changes Severity Negative Negative Extremely negative 9 I
2.5 Conservation of Impacts of flow management Status of river channel habitats Severity Negative Negative Extremely negative 0 ly nega
biodiversity changes on endangered species Fjagship species Survival n/a nfa nfa n/a n/a
Unaffected environmental hot spots Severity Catastrophic Severely negative Severely negative Negative Severely negative
Biodiversity condition Severity Negative Negative Negative Negative Negative
Incremental net economic value of habitat areas NPV USSM -100 -60 300%; -130 200% -60 -350  412%
3. Social development
3.1 Maintain livelihoods of Health, food and income security No. of people affected ‘000 732 246% 470 1022% 1,122 1100% 1,295 293%) 3,619 408%
vulnerable resource-users Severity of impact on health, food and income security Severity Widy negative Negatie Severey negative Widy negative Negative
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related  employment from water resource |rigated agriculture 000 208 264% 223 98% 209 270% 19 53% 658  157%
sectors interventions Reservoir fisheries (incremental to BS) 000 40 320% 70 12065% 1 6% 111 729%
Hydropower production ‘000 308 592% -5 -100%!| 134 873% -13 -42%) 424 409%
Aquaculture (incremental to BS) '000 54 190% 76 194%)| 65 331% 82 50%) 277 110%
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country Total net economic value NPV US$M 19,806 215% 3,914 198%) 4,609 665% 1,438 27% 29,768 173%
LMB countries benefit from No. of people affected vulnerable to changes 000 732 246% 470 1022% 1,122 1100% 1,295 293% 3,619  408%
the development of water No. of jobs generated 000 609 356% 203 108%) 478 423% 89 38%) 1,460  187%
and related resources Overall environment impact Severity Negative Negatve Negative Negaiive Resiine
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LMB Long-term Development Scenario

Climate change

Scenario run no. 8001

Specific development e AR TR Lao PDR Thailand Cambodia Viet Nam Total
objective Unit Amount Percent Amount  Percent  Amount  Percent  Amount  Pecent  Amount  Percent
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area '000 ha 715 2,760 678 1,813 5,966
agricultural production tonnage and value Crop production Mtonne /yr 7.678 20.824 10.766 32121 71.389
Net economic value NPV US$M 833 1,383 1,799 437 4,453
1.2 Increase hydropower Hydropower capacity, power Installed capacity MW 17,321 3,696 5,507 2,583 29,107
production generated and value Power generated GWhyr 92,156 60,865 26,912 35,961 215,893
Net economic value from generation NPV US$M 17,734 972 2,876 4,696 26,278
Net economic value from NPV US$M 10,533 3,109 2,190 1,066 16,898
1.3 Improve navigation River transport Navigable days by class '000 boat-days n/a n/a n/a n/a n/a
Net economic value NPV US$M 246 246
1.4 Decrease damages by Extent and duration of annual Average area flooded annually to max 1.0m depth ~ '000 ha 52 55 433 713 1,253
floods flooding by class Average area flooded annually > 1.0m depth 000 ha 408 369 1,867 1,143 3,786
Net economic value of flood damage NPV US$M 141 140 -244 -332 -296
1.5 Maintain productivity of ~ Capture fisheries and Annual average capture fish availability Mtonne / yr
fishery sector aquaculture production Annual average aquaculture production Mtonne /yr 0.306 0.388 0.365 4.989 6.047
Net economic value of capture fish NPV US$M 275 193 -547 572 494
2. Environmental protection
2.1 Maintain water quality Water quality Total pollutant discharge tonnes / yr 100,143 195,432 64,719 208,047 568,341
and acceptable flow Water quality conditions Severity
conditions Flow characteristics Average flow in March mdls 2,250 2,664 3,716 4,107 3,184
Average wet season peak daily flow m3/s 13,738 26,083 48,886 21,154 27,465
Average flow volume entering Tonle Sap MCM n/a n/a 29,781 n/a 29,781
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap '000 ha 1,032 1,032
Tonle Sap Net economic value NPV USSM -304 -413 -14 731
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) '000 ha 23 67 1,300 100 1,491
productivity and ecosystems Net economic value NPV US$M 21 14 5 -4 36
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity '000 ha 2,149 2,149
intrusion in the Mekong land use Net economic value NPV USSM 2 2
2.4 Minimize channel River bank erosion Area at risk to erosion Severity Negative Negative Severely negative Severely negative Neutral
effects on bank erosion Net economic value NPV US$M
and deep pools Flow and sediment transport Functioning deep pools No. 12 7 3 5 27
changes Induced changes Severity Severely negative Severely negative Extremely negative. Severely negative Extremely negative.
2.5 Conservation of Impacts of flow management Status of river channel habitats Severity Severely negative Severely negative Extremely negative eg: gat
biodiversity changes on endangered species Flagship species Survival Extinct Extinct Extinct Sunviving Extinct
Unaffected environmental hot spots Severity Catastrophic Extremely negative Extremely negative. Catastrophic Catastrophic
Biodiversity condition Severity Severely negative Severely negative Negative Negative Severely negative
Incremental net economic value of habitat areas NPV US$M -100 -80 -195 -150 -525
3. Social development
3.1 Maintain livelihoods of ~ Health, food and income security No. of people affected '000 1,029 516 1,280 1,985 4,810
vulnerable resource-users Severity of impact on health, food and income security Severity Severely negative Severely negtive Extremely negative eg 4
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related ~ employment from water resource |igated agriculture 000 286 449 286 53 1,076
sectors interventions Reservoir fisheries (incremental to BS) 000 52 71 3 126
Hydropower production '000 360 149 18 527
Aquaculture (incremental to BS) '000 82 115 85 246 528
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country  Total net economic value NPV US$M 29,134 5,978 5,470 6,270 46,852
LMB countries benefit from No. of people affected vulnerable to changes 000 1,029 516 1,280 1,985 4,810
the development of water No. of jobs generated 000 781 564 591 321 2,257
and related resources Overall environment impact Severity Severely negaive Severely negalive Negative rely negati rely negati
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Summary of scenario assessment LMB Long-term Development Scenario
Incremental values relative to Baseline Climate change
Scenario run no. 8001
Specific development s ARG Lao PDR Thailand Cambodia Viet Nam Total
objective Unit Amount Percent Amount  Percent Amount  Peccent ~Amount  Percet Amount  Percent
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area '000 ha 511 250%! 1,494 118%! 405 148%) -183 -9% 2,226 60%)
agricultural production tonnage and value Crop production Mtonne /yr 6.806 781%|  15.418 285% 8.861 465%|  12.287 62% 43.372 155%)
Net economic value NPV US$M 833 1,383 1,799 437 4,453
1.2 Increase hydropower Hydropower capacity, power Installed capacity MW 16,700 2688% 3,451 1410% 5,507 1,863 259% 27,521 1735%)
production generated and value Power generated GWhyr 89,124 2040%| 58,462  2433%| 26,912 32,302  883% | 206,800  2274%
Net economic value from generation NPV US$M 15,441 673%! 481 98% 2,876 2,985 174% 21,783 485%
Net economic value from NPV US$M 10,193 2994% 2,900 1386% 2,190 799 299% 16,082 1969%
1.3 Improve navigation River transport Navigable days by class '000 boat-days n/a n/a n/a n/a n/a
Net economic value NPV US$M 64 35%) 64 35%
1.4 Decrease damages by Extent and duration of annual Average area flooded annually to max 1.0m depth 000 ha 4 7% 8 17% 17 4% -290 -29% -261 -17%)
floods flooding by class Average area flooded annually > 1.0m depth 000 ha 52 15% 47 15% 100 6% 343 43% 542 17%)
Net economic value of flood damage NPV US$M 141 140 -244 -332 -296
1.5 Maintain productivity of ~ Capture fisheries and Annual average capture fish availability Mtonne /yr -0.311 -100% -1.027 -100%| -0.792 -100% -0.400  -100% -2.530 -100%
fishery sector aquaculture production Annual average aquaculture production Mtonne /yr 0.228 292% 0.288 287% 0.237 187% 3325  200% 4,078 207%
Net economic value of capture fish NPV US$M 275 193 -547 572 494
2. Environmental protection
2.1 Maintain water quality Water quality Total pollutant discharge tonnes / yr 49,486 98% 86,552 79% 26,125 68% 37,646 22% 199,809 54%
and acceptable flow Water quality conditions Severity
conditions Flow characteristics Average flow in March m3s 1,150 105% 1,212 83% 1,518 69% 1,035 34% 1,229 63%)
Average wet season peak daily flow m3/s -2,183 -14% 582 2% 2,123 5% -156 -1% 91 0%
Average flow volume entering Tonle Sap MCM n/a n/a -2,477 -8% n/a -2,477 -8%
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap '000 ha -6 -1% -6 -1%
Tonle Sap Net economic value NPV USSM -304 -413 -14 -731
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) '000 ha 6 37% 6 9% 12 1% -0 0% 24 2%
productivity and ecosystems Net economic value NPV US$M 21 14 5 -4 36
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity '000 ha 297 16% 297 16%
intrusion in the Mekong land use Net economic value NPV USSM 2 2
2.4 Minimize channel River bank erosion Area at risk o erosion Severity Negative Negative Severely negative Severely negatve Severely negative
effects on bank erosion Net economic value NPV US$M
and deep pools Flow and sediment transport Functioning deep pools No. -8 -40% -10 -59% -2 -40% -20 -43%
changes Induced changes Severity Severely negative Severely negative Exremely negative rely negat gt
2.5 Conservation of Impacts of flow management Status of river channel habitats Severity Severely negative Severely negative Extremely negative eg: gat
biodiversity changes on endangered species  Fiagship species Survival n/a nla nla n/a n/a
Unaffected environmental hot spots Severity Catastrophic Extremely negative Extremely negative Catastrophic Catasirophic
Biodiversity condition Severity Severely negative Severely negative Negative Negative Severely negative
Incremental net economic value of habitat areas NPV US$M -100 -80 -195 -150 -525
3. Social development
3.1 Maintain livelihoods of Health, food and income security No. of people affected '000 1,029 516 1,280 1,985 4,810
vulnerable resource-users Severity of impact on health, food and income security Severity Severely negative Severely negative Extremely negative eg: gat
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related ~ employment from water resource |igated agriculture 000 208 264% 223 98% 209 270% 19 53% 658 157%)
sectors interventions Reservoir fisheries (incremental to BS) '000 52 71 3 126
Hydropower production '000 360 149 18 527
Aquaculture (incremental to BS) '000 82 115 85 246 528
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country  Total net economic value NPV US$M 26,501 1006% 5,096 578%)| 5,470 4,292 217% 41,358 753%)
LMB countries benefit from No. of people affected vulnerable to changes '000 1,029 516 1,280 1,985 4,810
the development of water No. of jobs generated 000 702 892% 338 149% 514 663% 286 819% 1,839 440%
and related resources Overall environment impact Severity Severely negative Severely negative Negative Severely negative Severely negative
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Summary of scenario assessment LMB Long-term Development Scenario
Incremental values relative to Definite Future Scenario Climate change
Scenario run no. 8001
Specific development e T - Lao PDR Thailand Cambodia Viet Nam Total
objective Unit Amount Percent Amount  Percent Amount  Pecent ~Amount  Pecent ~Amount Percent
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area '000 ha 549 330%) 1,405 104%)| 405 148% 143 9% 2,501 72%
agricultural production tonnage and value Crop production Mionne /yr 6.806 781%|  15.418 285% 8.861 465%|  12.287 62%| 43.372  155%
Net economic value NPV US$M 852 -4475% 1,394  -13599% 1,905 -1797% 446 -5087%| 4,597 -3191%
1.2 Increase hydropower Hydropower capacity, power Installed capacity MW 13,819 395%! 2,951 396%! 5,506  550600% 299 13%) 22,575 346%
production generated and value Power generated GWhyr 75,753 462%| 48,686 400%| 24,577  1053%| 22,367 165%| 171,383  385%
Net economic value from generation NPV US$M 10,048 131%! 381 65%)] 2,128 285% 875 23%) 13,433 105%
Net economic value from purchased NPV US$M 8,966 572%!| 2,049 193%| 1,733 379% 192 22%) 12,940 327%
1.3 Improve navigation River transport Navigable days by class ‘000 boat-days n/a n/a n/a n/a n/a
Net economic value NPV US$M
1.4 Decrease damages by Extent and duration of annual Average area flooded annually to max 1.0m depth ‘000 ha 10 23% 10 23% 9 2% -408 -36%) -379 -23%
floods flooding by class Average area flooded annually > 1.0m depth 000 ha 109 37% 113 24% 214 13% 472 71% 909 32%
Net economic value of flood damage NPV US$M -38 -21%) -32 -19%) -295 -579% -392 -654% -758  -164%
1.5 Maintain productivity of ~Capture fisheries and Annual average capture fish availability Mtonne / yr -0.285 -100%)| -0.996 -100% -0.739 -100% -0.367 -100% -2.387  -100%
fishery sector aquaculture production Annual average aquaculture production Mtonne / yr 0.156 104% 0.206 113% 0.197 118% 2.494 100%) 3.053  102%
Net economic value of capture fish NPV USSM 303 -1096% 207 -1521% -315 136% 25 4% 220 80%
2. Environmental protection
2.1 Maintain water quality Water quality Total pollutant discharge tonnes / yr 49,486 98% 86,552 79% 26,125 68% 37,646 22%| 199,809 54%
and a}c.ceptable flow Water quality conditions Severity
conditions Flow characteristics Average flow in March m3/s 390 21% 292 12%, 647 21% 209 5%| 384 14%
Average wet season peak daily flow m3/s -75 -1% 2,050 9% 3,763 8% 324 2% 1,516 6%
Average flow volume entering Tonle Sap MCM n/a n/a 41 0% n/a 41 0%
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap ‘000 ha 3 0% 3 0%
Tonle Sap Net economic value NPV USSM -174 134% 406 6449% 3 -10%) 577 376%
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) ‘000 ha 11 91% 15 29% 33 3% -0 0% 59 4%
productivity and ecosystems Net economic value NPV USSM 48 -177%) 61 -129% 158 -103% -3 479%) 264  -116%
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity ‘000 ha 569 36%) 569 36%
intrusion in the Mekong land use Net economic value NPV USSM -22 -110% -22  -110%
2.4 Minimize channel River bank erosion Area at risk to erosion Severity Severely negative Severely negative Severely negative rely negal g
effects on bank erosion Net economic value NPV US$M
and deep pools Flow and sediment transport _Functioning deep pools No. -8 -40%) -10 -59% 2 -40% 20  -43%
changes Induced geomorphological changes Severity Negative Negative Extremely negative rely negati g
2.5 Conservation of Impacts of flow management Status of river channel habitats Severity Negative Negative Extremely negative ga g
biodiversity changes on endangered species  Flagship species Survival n/a n/a n/a n/a nla
Unaffected environmental hot spots Severity Catastrophic Severely negative Severely negative Catastrophic Extremely negative
Biodiversity condition Severity Negative Negative Midly negative Mildly negative Negative
Incremental net economic value of habitat areas NPV US$M -100 -60 300% -130 200% -150 -440 518%
3. Social development
3.1 Maintain livelihoods of Health, food and income security No. of people affected '000 732 246% 470 1022% 1,178 1155% 1,543 349%) 3,923 442%
vulnerable resource-users Severity of impact on health, food and income security Severity Midly negative Negative Severely negative Severely negative Severely negative
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related ~ employment from water resource |rigated agricutture 000 208 264% 223 98% 209 270% 19 53% 658  157%
sectors interventions Resenvoir fisheries (incremental to BS) ‘000 40 320%! 70 12065% 1 46%)| 111 729%
Hydropower production ‘000 308 592%)| -5 -100% 134 873% -13 -42%) 424 409%
Aquaculture (incremental to BS) ‘000 54 190%! 76 194% 65 331% 82 50%) 277 110%
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country Total net economic value NPV USSM 19,906 216%)| 4,000 202%| 4,777 689% 975 18%) 29,658 172%
LMB countries benefit from No. of people affected vulnerable to changes 000 732 246% 470 1022%) 1,178 1155% 1,543 349% 3,923 442%
the development of water No. of jobs generated 000 609 356%) 293 108%) 478 423% 89 386 1,469  187%
and related resources Overall environment impact Severity Negalive Negative Midly negative Negative tecmike)
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LMB Very High Development Scenario

Scenario run no. 9000

Specific development - Lao PDR Thailand Cambodia Viet Nam Total
P Issue Assessment criteria )
objective Unit Amount Percent Amount  Percent  Amount  Percet  Amount  Percent ~ Amount Percent
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area '000 ha 1,896 2,994 1,667 1,848 8,406
agricultural production tonnage and value Crop production Mtonne / yr 23.694 26.521 34.830 36.279 121.324
Net economic value NPV US$M 3,180 2,582 9,293 800 15,855
1.2 Increase hydropower Hydropower capacity, power Installed capacity MW 17,816 3,696 5,590 2,583 29,684
production generated and value Power generated GWhiyr 94,487 60,865 27,411 36,065 218,828
Net economic value from generation NPV US$M 18,443 972 3,091 4,701 27,207
Net economic value from purchased NPV US$M 10,562 3,109 2,155 1,067 16,893
1.3 Improve navigation River transport Navigable days by class '000 boat-days n/a n/a n/a n/a n/a
Net economic value NPV US$M 246 246
1.4 Decrease damages by Extent and duration of annual Average area flooded annually to max 1.0m depth ~ '000 ha 40 44 441 1,188 1,713
floods flooding by class Average area flooded annually > 1.0m depth 000 ha 287 244 1,540 583 2,654
Net economic value of flood damage NPV USSM 149 149 57 77 432
1.5 Maintain productivity of ~ Capture fisheries and Annual average capture fish availability Mtonne / yr 0.332 0.979 0.559 0.264 2133
fishery sector aquaculture production Annual average aquaculture production Mtonne / yr 0.408 0.518 0.486 6.652 8.063
Net economic value of capture fish NPV US$M 406 309 -433 913 1,194
2. Environmental protection
2.1 Maintain water quality Water quality Total pollutant discharge tonnes / yr 239,049 244,031 122,632 333,101 938,813
and acceptable flow Water quality conditions Severity
conditions Flow characteristics Average flow in March mals 2,093 2,277 2,942 3,386 2,675
Average wet season peak daily flow m3/s 13,410 23,341 41,241 20,039 24,508
Average flow volume entering Tonle Sap MCM n/a n/a 27,008 n/a 27,008
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap '000 ha 1,009 1,009
Tonle Sap Net economic value NPV USSM -354 -454 -14 -822
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) '000 ha 11 51 1,240 100 1,401
productivity and ecosystems Net economic value NPV USSM -18 -34 -249 -9 -310
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity '000 ha 1,631 1,631
intrusion in the Mekong land use Net economic value NPV USSM 16 16
2.4 Minimize channel River bank erosion Area at risk to erosion Severity Negative Negative Severely negative Severely negative Neutral
effects on bank erosion Net economic value NPV USSM
and deep pools Flow and sediment transport Functioning deep pools No. 12 7 3 5 27
changes Induced changes Severity Severely negative Severely negative Extremely negative Severely negative Extremely negative
2.5 Conservation of Impacts of flow management  giats of river channel habitats Severity Severely negative Severely negatve Extremely negatie Severely negative Extremely negative
biodiversity changes on endangered species Flagship species Survival Exinct Extict Exiinct Suniving Exinct
Unaffected environmental hot spots Severity Catastrophic Catastrophic Catastrophic Catastrophic Catastrophic
Biodiversity condition Severity Severely negative Severely negative Extremely negative Severely negative Extremely negative
Incremental net economic value of habitat areas NPV US$M -125 -100 -325 -150 -700
3. Social development
3.1 Maintain livelihoods of ~ Health, food and income security No. of people affected '000 1,106 516 1,231 1,741 4,594
vulnerable resource-users Severity of impact on health, food and income security Severity Severely negative Severely negative Extremely negative Negatie Severely negative
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related ~ employment from water resource |rigated agriculture 000 586 460 828 79 1,953
sectors interventions Reservoir fisheries (incremental to BS) ‘000 61 78 3 141
Hydropower production '000 384 171 18 573
Aquaculture (incremental to BS) ‘000 109 153 114 328 704
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country  Total net economic value NPV US$M 32,241 7,233 13,135 7,401 60,011
LMB countries benefit from No. of people affected vulnerable to changes 000 1,106 516 1,231 1,741 4,594
the development of water No. of jobs generated 000 1,139 614 1,190 428 3,371
and related resources
Overall environment impact Severity Severely negative Severely negative Extremely negative Severely negative Extremely negative
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Summary of scenario assessment . .
. . LMB Very High Development Scenario
Incremental values relative to Baseline
Scenario run no. 9000
Specific development s ARG Lao PDR Thailand Cambodia Viet Nam Total
objective Unit Amount Percent Amount  Percent  Amount  Percent Amount  Percet  Amount Percent
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area '000 ha 1,692 829%) 1,728 137% 1,394 510%)| -148 7% 4,666 125%
agricultural production tonnage and value Crop production Mtonne / yr 22.823 26200  21.115 391%| 32.925 1729%|  16.444 83% 93.307 333%)
Net economic value NPV US$M 3,180 2,582 9,293 800 15,855
1.2 Increase hydropower Hydropower capacity, power Installed capacity MW 17,194 2768% 3,451 1410% 5,590 1,863 259% 28,098 1772%)
production generated and value Power generated GWhiyr 91,455 3017%| 58,462  2433%| 27,411 32,406  886% | 209,735 2307%)
Net economic value from generation NPV US$M 16,149 704% 481 98%) 3,091 2,990 175% 22,711 505%
Net economic value from purchased NPV US$M 10,221 3002% 2,900 1386% 2,155 800 299% 16,076 1969%)
1.3 Improve navigation River transport Navigable days by class '000 boat-days n/a nl/a n/a n/a n/a
Net economic value NPV US$M 64 35% 64 35%
1.4 Decrease damages by Extent and duration of annual Average area flooded annually to max 1.0m depth ~ '000 ha -8 -17%)| -3 -6%)| 25 6% 185 18% 198 13%
floods flooding by class Average area flooded annually > 1.0m depth 000 ha -69 19% 78 24% 227 13% 216 -21% -590 -18%|
Net economic value of flood damage NPV US$M 149 149 57 77 432
1.5 Maintain productivity of ~Capture fisheries and Annual average capture fish availability Mtonne / yr 0.021 7% -0.048 -5% -0.234 -30% -0.136 -34% -0.397 -16%
fishery sector aquaculture production Annual average aquaculture production Mtonne / yr 0.330 422% 0.417 416% 0.359 282% 4.988  300% 6.094 310%)
Net economic value of capture fish NPV US$M 406 309 -433 913 1,194
2. Environmental protection
2.1 Maintain water quality Water quality Total pollutant discharge tonnes / yr 188,392 372%| 135,151 124% 84,039 218%| 162,699 95% 570,281 155%
and acceptable flow Water quality conditions Severity
conditions Flow characteristics Average flow in March mals 993 90% 825 57% 745 34% 315 10% 719 37%)
Average wet season peak daily flow m3/s -2,511 -16%) -2,160 -8% -5,521 -12% -1,271 -6% -2,866 -10%
Average flow volume entering Tonle Sap MCM n/a n/a -5,250 -16% n/a -5,250 -16%
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap '000 ha -29 -3% -29 -3%
Tonle Sap Net economic value NPV USSM -354 -454 -14 -822
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) '000 ha -6 -34% -11 -18% -48 -4% -1 -1% -66 -4%)
productivity and ecosystems Net economic value NPV US$M -18 -34 -249 -9 -310
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity '000 ha -221 -12% -221 -12%|
intrusion in the Mekong land use Net economic value NPV USSM 16 16
2.4 Minimize channel River bank erosion Area at risk to erosion Severity Negative Negative Severely negative Severely negative Severely negative
effects on bank erosion Net economic value NPV USSM
and deep pools Flow and sediment transport Functioning deep pools No. -8 -40% -10 -59% -2 -40% -20 -43%)
changes Induced changes Severity Severely negative Severely negative Extremely negative Severely negative Extremely negative
2.5 Conservation of Impacts of flow management Status of river channel habitats Severity Severely negative. Severely negative Extremely negative Severely negative Extremely negative
biodiversity changes on endangered species Flagship species Survival n/a n/a n/a n/a n/a
Unaffected environmental hot spots Severity Catastrophic Catastrophic Catastrophic Catastrophic Catastrophic
Biodiversity condition Severity Severely negative Severely negative Extremely negative Severely negative Extremely negative
Incremental net economic value of habitat areas NPV US$M -125 -100 -325 -150 -700
3. Social development
3.1 Maintain livelihoods of Health, food and income security No. of people affected '000 1,106 516 1,231 1,741 4,594
vulnerable resource-users Severity of impact on health, food and income security Severity Severely negative Severely negative Extremely negative Negative Severely negaive
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related ~ employment from water resource |rigated agriculture 000 507 644% 234 103% 750 968% 44 126% 1,535 367%
sectors interventions Reservoir fisheries (incremental to BS) ‘000 61 78 3 141
Hydropower production '000 384 171 18 573
Aquaculture (incremental to BS) '000 109 153 114 328 704
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country Total net economic value NPV US$M 29,608 1124% 6,351 720%) 13,135 5,423 274% 54,517 992%)
LMB countries benefit from No. of people affected vulnerable to changes 000 1,106 516 1,231 1,741 4,594
the development of water No. of jobs generated 000 1,061 1347% 387 171%| 1,113 1436% 393 1127% 2,954 707%)
and related resources
Overall environment impact Severity Severely negative Severely negative Extremely negaive Severely negative Extremely negative
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Summary of scenario asses§ment . Lao PDR
Incremental values relative to Baseline
Specific ¢_:|ev_elopment EED PSSR G 2000 3000 5000 6100 6200 6300 8000 8001 9000
objective Unit 2015-UMD 2015-DF 2030-20Y+CC -20Y-w/o MD  2030-20Y-w/o LMD  2030-20Y-w/o TMD 2030-20Y-w/0 CMD 2060-LTD 2060-LTD+CC 2060-VHD
1. Economic development
1.1 Increase irrigated Irrigable area, production  Incremental area 000 ha -38  -18% 245 120% 245 120% 245 120% 245 120% 245 120%) 245 120%) 511  250% 511 250%| 1,692  829%
agricultural production tonnage and value Crop production Mionne / yr 3.354 385%| 3.354 385%| 3.354 385%| 3.354 385%| 3.354 385%| 3.354 385%| 6.806 781%| 6.806 781%| 22.823 2620%
Net economic value NPV US$M -19 300 327 301 300 300 300 772 833 3,180
1.2 Increase hydropower Hydropower capacity, power Installed capacity MW 2,881  464%| 14,764 2377%| 14,764 2377%) 7,298 1175%| 13,718 2208%| 14,764 2377%| 14,764 2377%| 16,700 2688%| 16,700 2688%| 17,194 2768%
production generated and value Power generated GWhiyr 13,371  441%| 81,384 2684%| 81,384 2684%| 34,577 1140%| 67,071 2212%| 67,632 2231%| 81,384 2684%| 89,124 2940%| 89,124 2940%| 91,455 3017%
Net economic value from generation NPV US$M 5,393  235%| 12,292  536%| 12,292 536%| 7,490 327%| 9,892  431%| 10,825 472%| 12,292  536%| 15,441 673%| 15,441 673%| 16,149  704%
Net economic value from NPV US$M 1,227  360%| 10,066 2957%| 10,066 2957%| 3,868 1136%|) 7,443 2186%) 7,865 2310%| 10,067 2957%| 10,193 2994%| 10,193 2994%| 10,221 3002%
1.3 Improve navigation River transport Navigable days by class '000 boat-days n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
Net economic value NPV US$M
1.4 Decrease damages by ~ Extent and duration of Average area flooded annually to max 1.0m depth ‘000 ha WES n/a| -6 -13%) -8 -16%) 0 0% -8 -16%) -8 -16%) -8 -16%) -8 -16%) -8 -16%) 4 %) -8 -17%
floods annual flooding by class  Average area flooded annually > 1.0m depth 000 ha na il 57 -16% 67 -19% 6 2% 67 -19% 67 -19% 67 -19% 67 -19% 67 -19% 52 15% 69 -19%
Net economic value of flood damage NPV US$M 179 130 130 124 124 124 124 141 141 149
1.5 Maintain productivity ~ Capture fisheries and Annual average capture fish availability Mtonne / yr -0.009 -3%| -0.026 -8%| -0.012 -4%| -0.311 -100%| -0.009 -3%| -0.004 -1%| -0.015 -5%| -0.004 -1%|  0.007 2%| -0.311 -100%| 0.021 %
of fishery sector aquaculture production Annual average aquaculture production Mtonne /yr 0072 92%| 0.072  92%| 0.126 161%| 0.126 161%| 0.126 161%| 0.126 161%| 0.126 161%| 0.126 161%| 0.228 292%| 0.228 292%| 0.330 422%
Net economic value of capture fish NPV US$M -28 129 129 139 154 119 154 275 275 406
2. Environmental protection
2.1 Maintain water quality ~ Water quality Total pollutant discharge tonnes /yr 49,486 98%| 49,486 98%| 49,486 98%| 49,486 98%| 49,486 98%| 49,486 98%|116,168  229%| 49,486 98%) 188,392  372%
and acceptable flow Water quality conditions Severity
conditions Flow characteristics Average flow in March m3/s 774 70%] 760 69%| 1,118 102%| 1,165 106%| 1,006 91%| 1,093 99%| 1,095 100%| 1,094 99%| 1,100  100%| 1,150  105% 993 90%
Average wet season peak daily flow m3/s -2,090  -13%| -2,108  -13%| -2,381  -15%| -2,230  -14%| -2,357  -15%| -2,208  -14%] -2,381  -15%| -2,295  -14%| -2,324  -15%| -2,183  -14%| -2,511 -16%
Average flow volume entering Tonle Sap MCM n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap ‘000 ha
Tonle Sap Net economic value NPV US$M -130 -236 -236 -165 -210 -212 -236 -304 -304 -354
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) ‘000 ha -5 -29%) -6 -34%) -1 -4%) -6 -34%) -6 -34%) -6 -34%) -6 -34%) -6 -33%) 6 37% -6 -34%
productivity and ecosystems Net economic value NPV USSM -27 -18 -3 -18 -18 -18 -18 -18 21 -18
2.3 Manage salinity Impact of salinity intrusion  Area within delta within threshold level of salinity '000 ha
intrusion in the Mekong on land use Net economic value NPV USSM
2.4 Minimize channel River bank erosion Area at risk to erosion Severity Mildly positive Mildly positive Mildly negative Negative Positive Positive Mildly negative Mildly negative Negative Negative Negative
effects on bank erosion Net econormic value NPV USSM
and deep pools Flow and sediment Functioning deep pools No. -8 -40% -8 -40% 5 -25% -8 -40% -8 -40% -8 -40% -8 -40% -8 -40%
transport changes Induced changes Severity Neutral Mildly negative Negative Negative Negative Mildly negative Negative Negative Severely negative | Severely negative | Severely negative
2.5 Conservation of Impacts of flow Status of river channel habitats Severity Neutral Mildly negative Negative Negative Negative Negative Negative Negative Severely negative | Severely negative | Severely negative
biodiversity management changes o Fjagship species Survival n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
endangered species Unaffected environmental hot spots Severity Neutral Neutral Extremely negative Catastrophic Severely negative Negative Severely negative Negative Catastrophic Catastrophic Catastrophic
Biodiversity condition Severity Neutral Mildly negative | Severely negative | Severely negative Negative Severely negative | Severely negative | Severely negative | Severely negative | Severely negative | Severely negative
Incremental net economic value of habitat areas NPV US$M -75 -100 -50 -50 -75 -50 -100 -100 -125
3. Social development
3.1 Maintain livelihoods of Health. food and income No. of people affected 000 297 907 907 699 782 907 782 1,029 1,029 1,106
vulnerable resource-users _security Severity of impact on health, food and income security  Severity Mildly negative Negative Severely negative | Severely negative | Severely negative | Severely negative | Severely negative | Severely negative | Severely negative | Severely negative | Severely negative |
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related employmgm from water Irrigated agriculture '000 72 91%] 72 91%] 72 91%] 72 91%] 72 91%) 72 91%] 208  264%) 208  264%) 507  644%
sectors resource interventions Reservoir fisheries (incremental to BS) 000 12 40 40 28 36 36 40 52 52 61
Hydropower production 000 52 382 382 168 318 336 379 360 360 384
Aquaculture (incremental to BS) '000 28 55 55 55 55 55 55 82 82 109
4 Equitable development
4.1 Ensure that all four Aggregate benefits by Total net economic value NPV US$M 6,595  250%| 22,588  858%| 22,605 858%| 11,688  444%| 17,636 670%| 18,927  719%| 22,632  859%| 26,401 1002%| 26,501 1006%| 29,608 1124%
LMB countries benefit country No. of people affected vulnerable to changes 000 297 907 907 699 782 907 782 1,029 1,029 1,106
from the development of No. of jobs generated 000 93  118%| 549 698%| 549 698%| 323 410%| 480 610%| 498 633%| 545 693%| 702 892%| 702 892%| 1,061 1347%
‘r";asf;:;: related Overall environment impact Severity Mildly negative | Severely negative | Severely negative Negative Severely negative | Severely negative | Severely negative | Severely negative | Severely negative | Severely negative
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Summary of scenario asses§ment o ) Lao PDR
Incremental values relative to Definite Future Scenario
Specific development v 2000 3000 4000 4001 5000 6100 6200 6300 8000 8001 9000
o Issue Assessment criteria
objective Unit  2015-UMD 2015-DF 2030-20Y 2030-20Y+CC 2030-20Y-w/o MD ~ 2030-20Y-w/o LMD Y-w/o TMD  2030-20Y-w/o CMD 2060-LTD 2060-LTD+CC 2060-VHD
1. Economic development
1.1 Increase irrigated Irrigable area, production  Incremental area '000 ha 283 170% 283 170% 283 170% 283 170% 283  170% 283  170% 549  330% 549  330%| 1,729 1039%
agricultural production tonnage and value Crop production Mtonne / yr 3 385% 3 385% 3 385% 3 385% 3 385% 3 385% 7 781% 7 781% 23 2620%
Net economic value NPV US$M 320 -1678% 346 -1816% 320 -1680% 320 -1678% 320 -1678%)| 320 -1678%)| 792 -4155% 852 -4475%) 3,199 -16793%
1.2 Increase hydropower Hydropower capacity, power Installed capacity MW 11,882  339%| 11,882 339%| 4,416 126%| 10,836  309%| 11,882 339%| 11,882 339%| 13,819  395%| 13,819 395%| 14,313  409%
production generated and value Power generated GWhiyr 68,013  415%| 68,013  415%| 21,206 129%| 53,700  327%| 54,261  331%| 68,013  415%| 75,753  462%| 75,753  462%| 78,084  476%
Net economic value from generation NPV US$M 6,899 90%| 6,899 90%| 2,097 27%| 4,500 59%| 5,432 71%| 6,899 90%| 10,048 131%| 10,048 131%| 10,757  140%
Net economic value from NPV US$M 8,840 564%| 8,840 564%| 2,641 169%| 6,217 397%| 6,638 424%| 8,840 564%| 8,966 572%| 8,966 572%| 8,994  574%
1.3 Improve navigation River transport Navigable days by class 000 boat-days n/a n/a n/a n/a n/a n/a n/a n/a n/a
Net economic value NPV US$M
1.4 Decrease damages by  Extent and duration of Average area flooded annually to max 1.0m depth 000 ha -2 -4% 6 15% -1 -3% -2 -49%| -2 -49%| -2 -49%| -1 -3%] 10 23% -2 5%
floods annual flooding by class  ayerae area flooded annually > 1.0m depth 000 ha 10 3% 52 17% 9 3% 9 3% 9 3% 9 3% 9 3% 109 37% 12 4%
Net economic value of flood damage NPV US$M -49  -27% -49  -27% -55  -31% -55  -31% -55  -31% -55  -31% -38  -21% -38  -21% -30  -17%
1.5 Maintain productivity Capture fisheries and Annual average capture fish availability Mtonne / yr 0 5% -0 -100%) 0 6% 0 8% 0 4% 0 8% 0 1% -0 -100%) 0 16%
of fishery sector aquaculture production Annual average aquaculture production Mtonne / yr 0 36% 0 36% 0 36% 0 36% 0 36% 0 36% 0 104% 0 104% 0 172%
Net economic value of capture fish NPV US$M 156  -565% 156  -565% 166  -602% 182  -658% 146 -530% 181  -656% 303 -1096%) 303 -1096%) 433 -1567%
2. Environmental protection
2.1 Maintain water quality ~ Water quality Total pollutant discharge tonnes / yr 49,486 98%| 49,486 98%| 49,486 98%| 49,486 98%| 49,486 98%| 49,486 98%)116,168  229%| 49,486 98%) 188,392  372%
and acceptable flow Water quality Severity
conditions Flow characteristics Average flow in March m3ls 358  19%| 405  22% 246 13% 333 18%| 335  18%| 334  18%| 340  18%| 390 21%| 233  13%
Average wet season peak daily flow m3ls -273 -2%)| -122 -1%) -249 -2%) -100 -1% -273 -2% -187 -1% -217 -2% -75 -1% -403 -3%
Average flow volume entering Tonle Sap MCM n/a n/a n/a n/a n/a n/a n/a n/a n/a
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap ‘000 ha
Tonle Sap Net economic value NPV US$M -106 82% -106 82% -36 27% -80 62% -83 64% -106 82% -174  134% -174  134% -224  173%
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) '000 ha -1 -8%)] 4 35%] -1 -8%)] -1 -8% -1 -8% -1 -8% -1 -6% 11 91%] -1 -8%
productivity and ecosystems Net economic value NPV US$M 8 -31%) 24 -88% 9 -34%) 8 -31%) 8 -31%) 8 -31%) 9 -35%) 48  -177% 9 -32%
2.3 Manage salinity Impact of salinity intrusion  Area within delta within threshold level of salinity '000 ha
intrusion in the Mekong on land use Net economic value NPV USSM
2.4 Minimize channel River bank erosion Area at risk to erosion Severity Negative Severely negative Mildly positive Mildly positive Negative Negative Severely negative | Severely negative | Severely negative
effects on bank erosion Net economic value NPV USSM
and deep pools Flow and sediment Functioning deep pools No. 8 -40% 8 -40% 5 -25% 8 -40% 8 -40% 8 -40%) 8 -40%) 8 -40%
transport changes Induced changes Severity Mildly negative Mildly negative Mildly negative Neutral Mildly negative Mildly negative Negative Negative Negative
2.5 Conservation of Impacts of flow Status of river channel habitats Severity Mildly negative Mildly negative Mildly negative Mildly negative Mildly negative Mildly negative Negative Negative Negative
biodiversity management changes on  Flagsip species Survival n/a n/a n/a n/a n/a n/a n/a nla nla
endangered species Unaffected environmental hot spots Severity Extremely negative Catastrophic Severely negative Negative Severely negative Negative Catastrophic Catastrophic Catastrophic
Biodiversity condition Severity Negative Negative Mildly negative Negative Negative Negative Negative Negative Negative
Incremental net economic value of habitat areas NPV US$M -75 -100 -50 -50 -75 -50 -100 -100 -125
3. Social development
3.1 Maintain livelihoods of ~ Health, food and income No. of people affected 000 610  205%] 610  205%] 402 135% 485  163% 610  205% 485  163% 732 246% 732 246% 809  272%
vulnerable resource-users ~ security Severity of impact on health, food and income security Severity Mildly negative Mildly negative Mildly negative Mildly negative Mildly negative Mildly negative Mildly negative Mildly negative Mildly negative
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related employmgnt from water Irrigated agriculture 000 72 91%] 72 91%] 72 91%] 72 91%] 72 91%] 72 91%] 208  264%) 208  264%) 507  644%
sectors resource interventions Resenvor fisheries (incremental to BS) 000 28 226% 28 226% 16 129% 23 190% 24 193% 28 226% 40 320% 40 320% 48 390%
Hydropower production 000 330  635% 330 635% 116 223% 266 512% 284 545%) 327  628%) 308  592%) 308  592%) 332 638%
Aquaculture (incremental to BS) 000 26 94% 26 94% 26 94% 26 94% 26 94% 26 94% 54 190% 54 190% 81 287%
4 Equitable development
4.1 Ensure that all four Aggregate benefits by Total net economic value NPV US$M 15,993 173%| 16,010 173%| 5,093 55%| 11,041 120%| 12,332  134%| 16,037  174%| 19,806 215%| 19,906 216%| 23,013  249%
LMB countries benefit country No. of people affected vulnerable to changes 000 610  205%, 610  205%, 402 135% 485 163% 610  205% 485 163% 732 246% 732 246% 809  272%
from the development of No. of jobs generated 000 456 266%| 456  266%| 230 134%| 388 226%| 406 237%| 453 264%| 609 356%| 609 356%| 968  565%
‘r"gz:i':; related Overall environment impact Severity Negative Negative Mildly negative Negative Negative Negative Negative Negative Negative
Assessment of Basin-wide Development Scenarios - Main Report 2011 220




Assessment of Basin-wide Development Scenarios

Main Report
Summary of scenario assessment .
. . Thailand
Incremental values relative to Baseline
Specific fievt_elopment e SR EHETR 2000 3000 4001 5000 6200 6300 8000 8001 9000
objective Unit 2015-UMD 2015-DF 2030-20Y+CC 2030-20Y-w/o MD D 2030-20Y-w/o TMD  2030-20Y-w/o CMD 2060-LTD 2060-LTD+CC 2060-VHD
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area 000 ha 89 7%| 1,370 108%| 1,370 108%] 1,370 108%| 1,370 108%) 1,370 108%| 1,370 108%| 1,494 118%| 1,494 118%| 1,728 137%
agricultural production tonnage and value Crop production Mtonne / yr 11.964  221%| 11.964 221%| 11.964 221%| 11.964  221%| 11.964 221%| 11.964 221%| 15.418 285%| 15.418  285%| 21.115 391%
Net economic value NPV USSM -10 864 878 864 864 864 864 1,344 1,383 2,582
1.2 Increase hydropower Hydropower capacity, power Installed capacity MW 500 204%| 3,451 1410%| 3,451 1410% 500 204%| 1,579 645% 500 204%| 3,451 1410%| 3,451 1410%| 3,451 1410%| 3,451 1410%
production generated and value Power generated GWhiyr 9,776 407%| 58,291 2426%| 58,291 2426%| 23,804  991%| 48,155 2004%| 49,288 2051%| 54,343 2262%| 58,462 2433%| 58,462 2433%| 58,462 2433%
Net economic value from generation NPV USSM 100 20% 473 96% 473 96% 100 20% 100 20% 100 20% 473 96% 481 98% 481 98% 481 98%
Net economic value from NPV USSM 851 407%| 2,899 1386%| 2,899 1386%| 1,551 742%| 2,767 1323%| 2,823 1350%| 2,702 1292%| 2,900 1386%| 2,900 1386%| 2,900 1386%
1.3 Improve navigation River transport Navigable days by class 000 boat-days n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
Net economic value NPV USSM -0 0%)| 64 35% 64 35%) 64 35% 64 35% 64 35%) 64 35% 64 35% 64 35%) 64 35% 64 35%
1.4 Decrease damages by ~ Extent and duration of annual ~ Average area flooded annually to max 1.0m depth 1000 ha n/a n/al -2 5% -3 -6%] -2 -3%)| -3 -6% -3 -6%] -3 -6%| -3 -6% -3 -6%] 8 17% -3 -6%
floods flooding by class Average area flooded annually > 1.0m depth 000 ha n/a n/a| 66 -21% -78  -24% 25 8% 78 -24% -78  -24% 78 -24% 78 -24% 75 -23% 47 15% 78 -24%
Net economic value of flood damage NPV USSM 172 130 130 124 124 124 124 140 140 149
1.5 Maintain productivity of ~Capture fisheries and Annual average capture fish availability Mtonne / yr -0.031 -3%| -0.048 -5%| -1.027 -100%| -0.035 -3%| -0.044 -4%| -0.044 -4%| -0.044 -4%| -0.048 -5%| -1.027 -100%| -0.048 -5%
fishery sector aquacuture production Annual average aquaculture production Mtonne / yr 0.082  81%| 0.082  81%| 0.158 158%| 0.158 158%| 0.158 158%| 0.158 158%| 0.158 158%| 0.158 158%| 0.288 287%| 0.288 287%| 0.417  416%
Net economic value of capture fish NPV USSM -14 74 74 119 89 89 90 193 193 309
2. Environmental protection
2.1 Maintain water quality Water quality Total pollutant discharge tonnes / yr 86,552 79%| 86,552 79%) 86,552 79%| 86,552 79%| 86,552 79%) 86,552 79%106,135 97%| 86,552 79%|135,151  124%
and acceptable flow Water quality conditions Severity
conditions Flow characteristics Average flow in March m3/s 778 54% 920 63%| 1,246 86%| 1,306 90%| 1,133 78%| 1,221 84%| 1,223 84%| 1,222 84%| 1,155 80%| 1,212 83% 825 57%
Average wet season peak daily flow m3fs -1,621 -6%| -1,469 6%| -2,084 -8% 418 2%| -2,080 -8%| -1,911 -7%| -2,084 -8%| -1,998 -8%| -1,927 -8% 582 2%| -2,160 -8%
Average flow volume entering Tonle Sap MCM n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap 000 ha
Tonle Sap Net economic value NPV USSM
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) '000 ha -9 -15% -11 -18% -4 -6%)| -11 -18% -11 -18% 11 -18% -11 -18% -11 -17% 6 9% -11 -18%
productivity and ecosystems Net economic value NPV US$M -47 -34 -13 -32 -34 -34 -34 -32 14 -34
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity '000 ha
intrusion in the Mekong land use Net economic value NPV USSM
2.4 Minimize channel River bank erosion Area at risk to erosion Severity Mildly positive Mildly positive Mildly negative Negative Positive Positive Mildly negative Mildly negative Negative Negative Negative
effects on bank erosion Net economic value NPV USSM
and deep pools Flow and sediment transport  Functioning deep pools No. 210 -59% 210 -59% 6 -35% -4 -24% 210 -59% 210 -59% 210 -59% 210 -59%
changes Induced changes Severity Neutral Mildly negative Negative Negative Mildly negative Mildly negative Negative Negative Severely negative | Severely negative | Severely negative
2.5 Conservation of Impacts of flow management Status of river channel habitats Severity Neutral Mildly negative Negative Negative Mildly negative Negative Negative Negative Severely negative | Severely negative | Severely negative
biodiversity changes on endangered species  Flagship species Sunvival n/a nfa n/a n/a nfa n/a n/a n/a n/a n/a n/a
Unaffected environmental hot spots Severity Neutral Negative Severely negative | Extremely negative Negative Severely negative | Severely negative | Severely negative | Extremely negative | Extremely negative|  C: P
Biodiversity condition Severity Neutral Mildly negative | Severely negative | Severely negative Negative Negative Severely negative | Severely negative | Severely negative | Severely negative | Severely negative
Incremental net economic value of habitat areas NPV USSM -20 -60 -60 -40 -60 -60 -60 -80 -80 -100
3. Social development
3.1 Maintain livelihoods of ~ Health, food and income security No. of people affected '000 46 46 516 516 201 201 515 516 516 516 516
vulnerable resource-users Severity of impact on health, food and income security ~ Severity Mildly negative Mildly negative | Severely negative | Severely negative | Mildly negative Mildly negative Negative Mildly negative | Severely negative | Severely negative | Severely negative
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related  employment from water resource |rigated agriculture 000 119 53% 119 53% 119 53% 119 53% 119 53% 119 53% 223 98%, 223 98% 234 103%
sectors interventions Reservoir fisheries (incremental to BS) '000
Hydropower production '000 5 38 38 7 20 6 42
Aquaculture (incremental to BS) 000 39 77 77 77 77 77 77 115 115 153
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country  Total net economic value NPV USSM -0 0%| 1,095 124%| 4,410 500%| 4,445 504%| 2,750 312%| 3,913 444%| 3,970 450%| 4,223 479%| 5,010 568%| 5,096 578%| 6,351 720%
LMB countries benefit from No. of people affected vulnerable to changes '000 46 46 516 516 201 201 515 516 516 516 516
the development of water No. of jobs generated 000 44 20% 234 103%, 234 103% 203 89% 216 95%, 202 89% 238 105% 338 149%, 338 149% 387  171%
and related resources Overall environment impact Severity Mildly negative | Severely negative | Severely negative Negative Negative Severely negative | Severely negative | Severely negative | Severely negative | Severely negative
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Summary of scenario asses§ment o . Thailand
Incremental values relative to Definite Future Scenario
Specific development | o 2000 3000 4000 4001 5000 6100 6200 6300 8000 8001 9000
By ssue Assessment criteria
objective Unit  2015-UMD 2015-DF 2030-20Y 2030-20Y+CC  2030-20Y-w/o MD ~ 2030-20Y-~ D 2030-20Y-w/o TMD 2030-20Y-w/o CMD 2060-LTD 2060-LTD+CC 2060-VHD
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area '000 ha 1,281 95%) 1,281 95%| 1,281 95%| 1,281 95%) 1,281 95%| 1,281 95%| 1,405 104%| 1,405 104%| 1,639 121%
agricultural production tonnage and value Crop production Mtonne /yr 12 221% 12 221% 12 221% 12 221% 12 221% 12 221% 15 285% 15 285% 21 391%
Net economic value NPV USSM 874 -8528% 889 -8672% 874 -8528% 874 -8528% 874 -8528% 874 -8528%| 1,354 -13209%| 1,394 -13599%| 2,592 -25294%
1.2 Increase hydropower Hydropower capacity, power Installed capacity MW 2,951 396%| 2,951 396% 1,079 145% 2,951 396%| 2,951 396%| 2,951 396%| 2,951 396%
production generated and value Power generated GWhiyr 48,515  398%| 48,515 398%| 14,028 115%| 38,379  315%| 39,512  324%| 44,567 366%| 48,686  400%| 48,686  400%| 48,686  400%
Net economic value from generation NPV USSM 373 63%] 373 63% 373 63%] 381 65%] 381 65% 381 65%
Net economic value from NPV USSM 2,048  193%| 2,048 193% 700 66%| 1,916 181%) 1,972 186%| 1,851 175%| 2,049 193%| 2,049 193%| 2,049  193%
1.3 Improve navigation River transport Navigable days by class 000 boat-days n/a n/a n/a n/a n/a n/a n/a n/a n/a
Net economic value NPV US$SM -0 0%
1.4 Decrease damages by~ Extent and duration of annual  Average area flooded annually to max 1.0m depth ‘000 ha -0 -1%] 1 2% -0 1% -0 -1%] -0 -1%] -0 1% -0 -1%] 10 23% -0 1%
floods floading by class Average area flooded annually > 1.0m depth 000 ha 12 5% 41 16% 12 5% 12 5% A2 5% 12 5% 9 3% 113 44% A2 5%
Net economic value of flood damage NPV USSM 42 -24% 42 -24% -48  -28% -48  -28% -48  -28% -48  -28% -32 -19% -32 -19% -23 -13%
1.5 Maintain productivity of ~ Capture fisheries and Annual average capture fish availability Mtonne / yr -0 -2%| -1 -100%) -0 0% -0 -1%] -0 -1%) -0 -1% -0 -2%| -1 -100%) -0 -2%
fishery sector aquaculture production Annual average aquaculture production Mtonne / yr [o] 42%) [o] 42% 0 42%) [o] 42%) [o] 42% 0 42%) 0 113%) 0 113% 0 184%
Net economic value of capture fish NPV USSM 87  -640% 87  -640% 133 -978% 102 -753% 102 -753% 103 -759% 207 -1521% 207 -1521% 322 -2370%
2. Environmental protection
2.1 Maintain water quality Water quality Total pollutant discharge tonnes / yr 86,552 79%| 86,552 79%) 86,552 79%| 86,552 79%| 86,552 79%| 86,552 79%|106,135 97%| 86,552 79%|135,151  124%
and acceptable flow Water quality conditions Severity
conditions Flow characteristics Average flow in March mafs 326 14% 387 16%] 214 9% 302 13% 303 13%] 303 13% 236 10% 292 12%) -95 -4%
Average wet season peak daily flow m3/s -615 -3%| 1,887 8% -611 -3% -443 -2%| -615 -3%| -529 -2% -458 -2%| 2,050 9% -691 -3%
Average flow volume entering Tonle Sap MCM n/a n/a n/a n/a n/a n/a n/a n/a n/a
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap '000 ha
Tonle Sap Net economic value NPV USSM
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) 000 ha -2 -4% 5 10% -2 -4% -2 -4% -2 -4% -2 -4% -1 -3% 15 29% -2 -3%
productivity and ecosystems Net economic value NPV USSM 14 -29% 35  -73% 16 -33% 14 -29% 14 -29% 14 -29% 15  -32% 61 -129% 14 -29%
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity '000 ha
intrusion in the Mekong land use Net economic value NPV USSM
2.4 Minimize channel River bank erosion Area atrisk to erosion Severity Negative Severely negative Mildly positive Mildly positive Negative Negative Severely negative | Severely negative | Severely negative
effects on bank erosion Net economic value NPV USSM
and deep pools Flow and sediment transport  Functioning deep pools No. 210 -59% 210 -59% 6 -35% -4 -24% 210 -59% 210 -59% 210 -59% 210 -59%
changes Induced changes Severity Mildly negative Mildly negative Neutral Neutral Mildly negative Mildly negative Negative Negative Negative
2.5 Conservation of Impacts of flow management Status of river channel habitats Severity Mildly negative Mildly negative Neutral Mildly negative Mildly negative Mildly negative Negative Negative Negative
biodiversity changes on endangered species  Flagship species Sunvival n/a n/a n/a n/a n/a n/a n/a n/a n/a
Unaffected environmental hot spots Severity Negative Negative Mildly negative Negative Negative Negative g
Biodiversity condition Severity Negative Negative Mildly negative Mildly negative Negative Negative Negative Negative Negative
Incremental net economic value of habitat areas NPV USSM -40  200% -40  200% -20  100% -40  200% -40  200% -40  200% -60  300% -60  300% -80  400%
3. Social development
3.1 Maintain livelihoods of ~ Health, food and income security No. of people affected 000 470 1022%)| 470 1022% 155  337% 155  337% 469 1020%| 470 1022%)| 470 1022%)| 470 1022%| 470 1022%
vulnerable resource-users Severity of impact on health, food and income security Severity Negative Negative Neutral Neutral Mildly negative Neutral Negative Negative Negative
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related  employment from water resource |rigated agriculture 000 119 53% 119 53% 119 53% 119 53% 119 53% 119 53% 223 98%) 223 98% 234 103%
sectors interventions Resenvoir fisheries (incremental to BS) 000
Hydropower production 000 33 636%) 33 636% 2 33%)] 14 279% 1 21% 37 711% -5 -100% -5 -100%) -5 -100%
Aquaculture (incremental to BS) 000 38  96% 38 96%, 38 96% 38  96% 38 96%, 38 96% 76 194% 76 194%, 114 292%
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country  Total net economic value NPV USSM 3,315 168%| 3,350 169%| 1,655 84%| 2,818 143%| 2,874 145%| 3,128 158%| 3,914 198%| 4,000 202%| 5,256  266%
LMB countries benefit from No. of people affected vulnerable to changes 000 470 1022% 470 1022% 155  337% 155 337% 469  1020% 470 1022% 470 1022% 470  1022% 470 1022%
the development of water No. of jobs generated 000 190  70%| 190  70%| 159  59%| 171 63%| 158  58%| 194  71%| 293  108%| 293 108%| 343  126%
and related resources Overall environment impact Severity Negative Negative Mildly negative Mildly negative Negative Negative Negative Negative Negative
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Summary of scenario assessment .
. . Cambodia
Incremental values relative to Baseline
Specific development = Assessment criteria 2000 3000 50! 6 6300 8000 8001 9000
objective Unit 2015-UMD 2015-DF 2030-20Y-w/o MD D 2030-20Y-w/o TMD 2030-20Y-w/o CMD 2060-LTD 2060-LTD+CC 2060-VHD
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area '000 ha 183 67%| 183 67% 183 67% 183 67% 183 67% 183 67% 405  148% 405  148%| 1,394  510%
agricultural production tonnage and value Crop production Mtonne / yr 3.324  174%| 3.324 174%| 3.324 174%| 3.324 174%| 3.324 174%| 3.324 174%| 8.861 465%| 8.861  465%| 32.925 1729%
Net economic value NPV USSM -106 223 600 227 225 223 224 1,539 1,799 9,293
1.2 Increase hydropower Hydropower capacity, power Installed capacity MW 1 4,761 4,761 481 481 4,761 481 5,507 5,507 5,590
production generated and value Power generated GWhiyr 2,335 23,061 23,061 3,321 3,321 23,061 3,321 26,912 26,912 27,411
Net economic value from generation NPV USSM 748 1,315 1,315 1,168 1,168 1,315 1,168 2,876 2,876 3,091
Net economic value from NPV USSM 457 2,031 2,031 462 462 2,031 462 2,190 2,190 2,155
1.3 Improve navigation River transport Navigable days by class '000 boat-days n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
Net economic value NPV USSM
1.4 Decrease damages by ~ Extent and duration of annual  Average area flooded annually to max 1.0m depth ~ '000 ha n/a n/al 8 2% 16 4%) 1 0% 18 4% 17 4%) 17 4% 17 4% 21 5% 17 4% 25 6%
floods flooding by class Average area flooded annually > 1.0m depth 000 ha n/a na| -114  -6%| -158 9% 285  16%| -147  -8%| -152  -9%| -152  -9%| -152  -9%| -189  -11% 100 6%| 227  -13%
Net economic value of flood damage NPV USSM 51 50 -226 47 47 47 47 54 -244 57
1.5 Maintain productivity of ~Capture fisheries and Annual average capture fish availability Mtonne / yr -0.053 -7%| -0.320  -40%| -0.792 -100%| -0.112  -14%| -0.140  -18%| -0.319  -40%| -0.183  -23%| -0.242  -31%| -0.792 -100%| -0.234  -30%
fishery sector aquacuiture production Annual average aquaculture production Mtonne / yr 0.040  32%| 0.040  32%| 0.116  91%| 0.116  91%| 0.116  91%| 0.116  91%| 0.116  91%| 0.116  91%| 0.237 187%| 0.237 187%| 0.359  282%
Net economic value of capture fish NPV USSM -232 -895 -895 -201 -294 -893 -437 -547 -547 -433
2. Environmental protection
2.1 Maintain water quality Water quality Total pollutant discharge tonnes / yr 15,764 41%| 26,125 68%| 26,125 68%| 26,125 68%| 26,125 68%| 26,125 68%| 54,035  140%| 26,125 68%| 84,039  218%
and acceptable flow Water quality conditions Severity
conditions Flow characteristics Average flow in March m3/s 780 35% 871 40%| 1,348 61%| 1,380 63%| 1,253 57%| 1,343 61%| 1,333 61%| 1,338 61%| 1,510 69%| 1,518 69% 745 34%
Average wet season peak daily flow m3fs -1,091 -2%| -1,640 -4%| -3,456 -7%| 3,752 8%| -3,415 -7%| -3,358 -7%| -3,456 -7%| -3,407 -7%| -5,065  -11%| 2,123 5%| -5521  -12%
Average flow volume entering Tonle Sap MCM -2,113 -7%| -2,518 -8%| -4,265  -13%| -1,596 -5%| -3,900  -12%| -3,920  -12%] -3,918  -12%| -3,919  -12%| -5,322  -16%| -2,477 -8%| -5,250  -16%
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap '000 ha -9 -1% -14 -1%] 15 1% -14 -1% -14 -1%] -14 -1%) -14 -1% -19 -2%| -6 -1%) -29 -3%
Tonle Sap Net economic value NPV USSM -6 -122 -122 -4 -4 -122 -4 -413 -413 -454
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) 000 ha -21 2% -31 -2%| 40 3% -30 -2% -31 -2%| -31 -2%)| -31 -2% -39 -3%| 12 1% -48 -4%
productivity and ecosystems Net economic value NPV USSM -153 -169 120 -125 -125 -169 -125 -202 5 -249
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity '000 ha
intrusion in the Mekong land use Net economic value NPV USSM
2.4 Minimize channel River bank erosion Area at risk to erosion Severity Mildly positive Mildly positive Mildly negative Negative Positive Positive Mildly negative Mildly negative Negative Negative Negative
effects on bank erosion Net economic value NPV USSM
and deep pools Flow and sediment transport  Functioning deep pools No. 2 -40% 2 -40% 2 -40% 2 -40% 2 -40% 2 -40% 2 -40%
changes Induced changes Severity Neutral Neutral Mildly negative Mildly negative Neutral Neutral Mildly negative Mildly negative | Extremely negative | Extremely negative | Extremely negative
2.5 Conservation of Impacts of flow management Status of river channel habitats Severity Neutral Neutral Mildly negative Mildly negative Neutral Neutral Mildly negative Mildly negative | Extremely negative | Extremely negative | Extremely negative
biodiversity changes on endangered species  Flagship species Sunvival n/a n/a n/a n/a n/a nfa n/a n/a n/a n/a n/a
Unaffected environmental hot spots Severity Neutral Mildly negative | Extremely negative | Extremely negative Negative Negative Severely negative | Severely negative | Extremely negative | Ext ly negative|  C P
Biodiversity condition Severity Neutral Mildly negative | Severely negative Negative Mildly negative Negative Severely negative |  Mildly negative | Severely negative Negative Extremely negative
Incremental net economic value of habitat areas NPV USSM -65 -195 -195 -130 -130 -195 -195 -195 -195 -325
3. Social development
3.1 Maintain livelihoods of ~ Health, food and income security No. of people affected '000 90 102 1,212 1,212 212 262 1,212 352 1,224 1,280 1,231
vulnerable resource-users Severity of impact on health, food and income security ~ Severity Mildly negative Mildly negative | Extremely negative | Extremely negative Negative Severely negative | Extremely negative | Severely negative | Extremely negative | Extremely negative | Extremely negative
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related  employment from water resource |rigated agriculture 000 6 8% 6 8% 6 8% 6 8% 6 8% 6 8% 209  270%, 209  270% 750  968%
sectors interventions Reservoir fisheries (incremental to BS) '000 1 21 28 1 1 21 7 71 71 78
Hydropower production '000 15 163 163 20 20 163 20 149 149 171
Aquaculture (incremental to BS) 000 20 57 57 57 57 57 57 85 85 114
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country  Total net economic value NPV USSM 693 2,237 2,627 1,446 1,351 2,237 1,142 5,302 5,470 13,135
LMB countries benefit from No. of people affected vulnerable to changes '000 90 102 1,212 1,212 212 262 1212 352 1,224 1,280 1,231
the development of water No. of jobs generated 000 36 46% 247 319%) 254 328% 84 108% 84 108%) 247 319% 90  117% 514  663%, 514  663%| 1,113 1436%
and related resources Overall environment impact Severity Mildly negative | Severely negative Negative Mildly negative Negative Severely negative Negative Severely negative Negative Extremely negative
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Main Report
Summary of scenario assessment .
. - . Cambodia
Incremental values relative to Definite Future Scenario
Specific development | P 2000 3000 4000 4001 5000 6100 6200 6300 8000 8001 9000
By ssue Assessment criteria
objective Unit  2015-UMD 2015-DF 2030-20Y 2030-20Y+CC  2030-20Y-w/o MD ~ 2030-20Y-~ D 2030-20Y-w/o TMD 2030-20Y-w/o CMD 2060-LTD 2060-LTD+CC 2060-VHD
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area '000 ha 183 67%| 183 67%! 183 67% 183 67%| 183 67%! 183 67% 405  148%) 405  148%| 1,394 510%
agricultural production tonnage and value Crop production Mtonne /yr 3 174% 3 174%, 3 174% 3 174% 3 174%, 3 174% 9 465% 9 465%) 33 1729%
Net economic value NPV USSM 329 -310% 706  -666% 333 -314% 331 -313% 329 -310% 330 -312%| 1,645 -1552%| 1,905 -1797%| 9,399 -8867%
1.2 Increase hydropower Hydropower capacity, power Installed capacity MW 4,760 476000%] 4,760 476000%| 480 48000% 480 48000%| 4,760 476000%) 480 48000%| 5,506 550600% 5,506 550600%| 5,589 558900%
production generated and value Power generated GWhiyr 20,726  888%| 20,726  888% 986 42% 986 42%| 20,726  888% 986 42%| 24,577 1053%| 24,577 1053%| 25,077 1074%
Net economic value from generation NPV USSM 567 76%] 567 76%] 420 56%] 420 56%] 567 76%] 420 56%| 2,128 285%) 2,128 285%| 2,343 313%
Net economic value from NPV USSM 1,574  345%| 1,574  345% 5 1% 5 1%| 1,574  345% 5 1%| 1,733 379%| 1,733 379%| 1,698 372%
1.3 Improve navigation River transport Navigable days by class 000 boat-days n/a n/a n/a n/a n/a n/a n/a n/a n/a
Net economic value NPV USSM
1.4 Decrease damages by Extent and duration of annual  Average area flooded annually to max 1.0m depth 000 ha 8 2% -7 2% 10 2% 9 2% 9 2% 9 2% 13 3% 9 2% 16 4%
floods floading by class Average area flooded annually > 1.0m depth 000 ha 44 3% 399 24% 33 2% 38 2% 38 2% 38 2% 75 5% 214 13%| <113 7%
Net economic value of flood damage NPV USSM -1 -2% -277  -543% -4 -8% -4 -8% -4 -8% -4 -8% 3 6%| -295  -579% 6 12%
1.5 Maintain productivity of ~ Capture fisheries and Annual average capture fish availability Mtonne / yr -0 -36%) -1 -100%) -0 -8% -0 -12% -0 -36%) -0 -18% -0 -26% -1 -100%) -0 -24%
fishery sector aquaculture production Annual average aquaculture production Mtonne / yr [o] 45%) [o] 45% 0 45%) [o] 45%) [o] 45% 0 45%) 0 118% 0 118% 0 190%
Net economic value of capture fish NPV USSM -663  286%) -663  286% 31  -13% -62 27% -661  285% -205 88% -315  136%) -315  136% -201 87%
2. Environmental protection
2.1 Maintain water quality Water quality Total pollutant discharge tonnes / yr 15,764 41%| 26,125 68%| 26,125 68%| 26,125 68%| 26,125 68%| 26,125 68%| 54,035 140%| 26,125 68%| 84,039  218%
and acceptable flow Water quality conditions Severity
conditions Flow characteristics Average flow in March mals 477 16%| 508  17%| 382  12%| 471  15%| 462  15%| 466  15%| 639  21%| 647  21%| -127 4%
Average wet season peak daily flow m3fs -1,816 -4%| 5,393 12%| -1,775 -4%| -1,718 -4%| -1,816 -4%| -1,767 -4%| -3,425 -8%| 3,763 8%| -3,881 -9%
Average flow volume entering Tonle Sap MCM -1,747 -6%] 922 3%| -1,382 -5%| -1,402 -5%| -1,400 -5%| -1,401 -5%| -2,803 -9%| 41 0%| -2,732 -9%
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap ‘000 ha -5 0% 24 2% -5 0% -5 0% -5 0% -5 0% -9 -1%] 3 0% -20 -2%
Tonle Sap Net economic value NPV USSM -116  1840%) -116  1840% 3 -44% 3 -44% -116  1840%) 3 -44% -406  6449%) -406  6449%) -448  7108%
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) 000 ha -10 -1% 61 5% -9 -1% -10 -1% -10 -1% -10 -1% -18 -1% 33 3% -27 -2%
productivity and ecosystems Net economic value NPV USSM -15 10%) 273  -178% 28  -19% 28 -19% -15 10% 28  -19% -48 32% 158  -103% -96 63%
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity '000 ha
intrusion in the Mekong land use Net economic value NPV USSM
2.4 Minimize channel River bank erosion Area atrisk to erosion Severity Mildly negative Negative Mildly positive Mildly negative Mildly negative Neutral Severely negative | Severely negative | Severely negative
effects on bank erosion Net economic value NPV USSM
and deep pools Flow and sediment transport  Functioning deep pools No. 2 -40% 2 -40% 2 -40% 2 -40% 2 -40% 2 -40% 2 -40%
changes Induced changes Severity Mildly negative Mildly negative Neutral Neutral Mildly negative Mildly negative | Extremely negative | Extremely negative | Extremely negative
2.5 Conservation of Impacts of flow management Status of river channel habitats Severity Mildly negative Mildly negative Neutral Neutral Mildly negative Mildly negative | Extremely negative | Extremely negative | Extremely negative
biodiversity changes on endangered species  Flagship species Sunvival n/a n/a n/a n/a n/a n/a n/a n/a n/a
Unaffected environmental hot spots Severity Severely negative ‘Soverely negative Negative Negative eg: iy neg eg: Ci
Biodiversity condition Severity Negative Mildly negative Neutral Mildly negative Negative Neutral Negative Mildly negative | Severely negative
Incremental net economic value of habitat areas NPV USSM -130  200%) -130  200%) -65  100% -65  100% -130  200%) -130  200% -130  200%) -130  200%) -260  400%
3. Social development
3.1 Maintain livelihoods of ~ Health, food and income security No. of people affected 000 1,110 1088%| 1,110 1088% 110 108% 160  157%| 1,110 1088% 250  245%| 1,122 1100%| 1,178 1155%| 1,129 1107%
vulnerable resource-users Severity of impact on health, food and income security Severity Severely negative | Severely negative | Mildly negative Negative Severely negative Negative Severely negative | Severely negative | Severely negative
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related  employment from water resource |rigated agriculture 000 6 8% 6 8% 6 8% 6 8% 6 8% 6 8% 209 270%) 209 270% 750  968%
sectors interventions Reservoir fisheries (incremental to BS) 000 20 3497% 27 4703% 20 3497% 6 1100%, 70 12065% 70 12065% 77 13289%
Hydropower production 000 148 963%) 148 963% 5 32% 5 32% 148 963% 5 32% 134 873%) 134 873% 156 1018%
Aquaculture (incremental to BS) 000 37 188% 37 188%, 37 188% 37 188% 37 188%) 37 188% 65  331% 65  331% 94 475%
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country  Total net economic value NPV USSM 1,544  223%| 1,934 279% 753 109%! 657 95%| 1,543  223% 449 65%| 4,609 665%| 4,777 689%| 12,442 1795%
LMB countries benefit from No. of people affected vulnerable to changes '000 1,110 1088%| 1,110 1088% 110  108% 160  157%| 1,110 1088% 250  245%| 1,122 1100%| 1,178 1155%| 1,129 1107%
the development of water No. of jobs generated 000 211 187%) 218  193%) 48 43% 48 43% 211 187%) 55 48% 478 423%) 478 423%| 1,077  952%
and related resources Overall environment impact Severity Negative Mildly negative Neutral Mildly negative Negative Mildly negative Negative Mildly negative | Severely negative
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Summary of scenario assessment .
. . Viet Nam
Incremental values relative to Baseline
Specific fievt_elopment e SR G 2000 3000 4001 50 6 6300 8000 8001 9000
objective Unit 2015-UMD 2015-DF 2030-20Y+CC 2030-20Y-w/o MD 2030-20Y-w/o TMD  2030-20Y-w/o CMD 2060-LTD 2060-LTD+CC 2060-VHD
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area 1000 ha -326  -16% -201  -10% -201  -10%) -201  -10% -201  -10% -201  -10%) -201  -10% -183 -9% -183 -9% -148 7%
agricultural production tonnage and value Crop production Mtonne / yr 8.511 43%| 8.511 43%| 8.511 43%| 8.511 43%| 8.511 43%| 8.511 43%| 12.287 62%| 12.287 62%| 16.444 83%
Net economic value NPV USSM -9 94 132 95 95 94 95 386 437 800
1.2 Increase hydropower Hydropower capacity, power Installed capacity Mw 1,564 217%| 1,863 259%| 1,863 259%| 1,863 259%| 1,863 259%| 1,863 259%| 1,863 259%| 1,863 259%| 1,863 259%| 1,863 259%
production generated and value Power generated GWhiyr 9,935  272%| 31,399  858%| 31,399  858%| 12,688  347%| 17,581  481%| 31,399  858%| 17,581 481%| 32,302  883%| 32,302 883%| 32,406  886%
Net economic value from generation NPV USSM 2,109 123%| 2,948 172%| 2,948 172%| 2,310 135%| 2,477 145%| 2,948 172%| 2,477 145%| 2,985 174%| 2,985 174%| 2,990 175%
Net economic value from NPV USSM 607  227% 799  299% 799  299% 653  245% 691  259% 799  299% 691  259% 799  299% 799  299% 800  299%
1.3 Improve navigation River transport Navigable days by class 000 boat-days n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
Net economic value NPV USSM
1.4 Decrease damages by ~ Extent and duration of annual  Average area flooded annually to max 1.0m depth ~ '000 ha n/a n/al 119 12% 146 15% -178  -18%) 146 15% 146 15% 146 15% 146 15% 174 17% -290  -29%) 185 18%
floods flooding by class Average area flooded annually > 1.0m depth 000 ha n/a na| -129  -16%| -162  -20% 230  29%| -162  -20%| -162  -20%| -162  -20%| -162  -20%| -201  -25% 343 43%| 216  -27%
Net economic value of flood damage NPV USSM 60 67 -307 65 65 65 65 73 -332 77
1.5 Maintain productivity of ~Capture fisheries and Annual average capture fish availability Mtonne / yr -0.034 -9%| -0.032 8%| -0.135  -34%| -0.400 -100%| -0.031 -8%| -0.057  -14%| -0.134  -34%| -0.083  -21%| -0.136  -34%| -0.400 -100%| -0.136  -34%
fishery sector aquacuiture production Annual average aquaculture production Mtonne / yr 0.831  50%| 0.831  50%| 1.662 100%| 1.662 100%| 1.662 100%| 1.662 100%| 1.662 100%| 1.662 100%| 3.325 200%| 3.325 200%| 4.988  300%
Net economic value of capture fish NPV USSM 548 234 234 579 492 234 406 572 572 913
2. Environmental protection
2.1 Maintain water quality Water quality Total pollutant discharge tonnes / yr 37,646 22%)| 37,646 22%) 37,646 22%| 37,646 22%)| 37,646 22%) 37,646 22%117,220 69%| 37,646 22%|162,699 95%
and acceptable flow Water quality conditions Severity
conditions Flow characteristics Average flow in March m3/s 659 21% 826 27%| 1,107 36%| 1,006 33%| 1,026 33%| 1,104 36%| 1,104 36%| 1,104 36%| 1,031 34%| 1,035 34% 315 10%
Average wet season peak daily flow m3fs -348 -2% -480 2% -855 -4% 219 1% -846 -4% -844 -4% -844 -4% -844 -4%| -1,150 -5% -156 -1%| -1,271 -6%
Average flow volume entering Tonle Sap MCM n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap ‘000 ha
Tonle Sap Net economic value NPV USSM -17 -14 -14 -14 -14 -14 -14 -14 -14 -14
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) '000 ha -0 0% -0 0% -0 0% -0 0% -0 0% -0 0% -0 0% -1 -1%) -0 0% -1 -1%
productivity and ecosystems Net economic value NPV US$M -1 -4 -3 -1 -1 -4 -1 -8 -4 -9
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity 000 ha -240  -13% =272 -15% -309  -17%) 23 1% -305  -16% -319  -17%) -288  -16% -288  -16% -299  -16%) 297 =221 -12%
intrusion in the Mekong land use Net economic value NPV USSM 20 27 -2 25 23 21 23 22 -2 16
2.4 Minimize channel River bank erosion Area at risk to erosion Severity Mildly positive Mildly positive Mildly negative Negative Positive Positive Mildly negative Mildly negative Negative Negative Negative
effects on bank erosion Net economic value NPV USSM
and deep pools Flow and sediment transport Functioning deep pools No.
changes Induced changes Severity Neutral Neutral Neutral Mildly negative Neutral Neutral Mildly negative Mildly negative | Severely negative | Severely negative | Severely negative
2.5 Conservation of Impacts of flow management Status of river channel habitats Severity Neutral Neutral Mildly negative Negative Neutral Mildly negative Mildly negative Mildly negative | Severely negative | Extremely negative | Severely negative
biodiversity changes on endangered species  Flagship species Sunvival n/a n/a n/a n/a n/a nfa n/a n/a n/a n/a n/a
Unaffected environmental hot spots Severity Neutral Neutral Neutral Negative Neutral Neutral Neutral Neutral Negative Catastrophic Catastrophic
Biodiversity condition Severity Neutral Mildly negative Mildly negative Mildly negative Mildly negative Mildly negative Mildly negative Mildly negative | Severely negative Negative Severely negative
Incremental net economic value of habitat areas NPV USSM -60 -60 -150 -150
3. Social development
3.1 Maintain livelihoods of ~ Health, food and income security No. of people affected '000 390 442 1,725 1,725 452 770 1,725 1,088 1,737 1,985 1,741
vulnerable resource-users Severity of impact on health, food and income security ~ Severity Mildly negative Mildly negative Negative Negative Mildly negative Negative Negative Negative Negative Extremely negative Negative
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related  employment from water resource |rigated agriculture 000 14 41% 14 41% 14 41% 14 41% 14 41% 14 41% 19 53% 19 53% 44 126%
sectors interventions Reservoir fisheries (incremental to BS) '000 2 3 4 3 3 3 3 3 3 3
Hydropower production '000 31 29 29 29 29 29 29 18 18 18
Aquaculture (incremental to BS) 000 164 164 164 164 164 164 164 246 246 328
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country  Total net economic value NPV USSM 3,317 168%| 4,151 210%| 3,726 188%| 3,712 188%| 3,828 193%| 4,143 209%| 3,741 189%| 4,755 240%| 4,292 217%| 5,423 274%
LMB countries benefit from No. of people affected vulnerable to changes '000 390 442 1,725 1,725 452 770 1,725 1,088 1,737 1,985 1,741
the development of water No. of jobs generated 000 197 565% 210 602%, 211 604% 210  602% 210 602%, 210  602% 210  602% 286  819%, 286  819% 393 1127%
and related resources Overall environment impact Severity Mildly negative Mildly negative Negative Mildly negative Mildly negative Mildly negative Mildly negative | Severely negative | Severely negative | Severely negative
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Summary of scenario assessment .
. - . Viet Nam
Incremental values relative to Definite Future Scenario
Specific development | P 2000 3000 4000 4001 5000 6100 6200 6300 8000 8001 9000
By ssue Assessment criteria
objective Unit  2015-UMD 2015-DF 2030-20Y 2030-20Y+CC  2030-20Y-w/o MD ~ 2030-20Y-~ D 2030-20Y-w/o TMD 2030-20Y-w/o CMD 2060-LTD 2060-LTD+CC 2060-VHD
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area 000 ha 125 7% 125 7% 125 7% 125 7% 125 7% 125 7% 143 9% 143 9% 178 1%
agricultural production tonnage and value Crop production Mtonne /yr 9 43% 9 43% 9 43% 9 43% 9 43% 9 43% 12 62% 12 62% 16 8%
Net economic value NPV USSM 103 -1177% 141 -1605% 103 -1178% 103 -1178% 103 -1177% 103 -1178% 395 -4498% 446 -5087% 809 -9223%
1.2 Increase hydropower Hydropower capacity, power Installed capacity MW 299 13%) 299 13% 299 13% 299 13%) 299 13% 299 13% 299 13%) 299 13% 299 13%
production generated and value Power generated GWhiyr 21,465  158%| 21,465 158%| 2,753 20%| 7,647 56%| 21,465 158%| 7,647 56%| 22,367 165%| 22,367  165%| 22,471  165%
Net economic value from generation NPV USSM 839 22%] 839 22%] 201 5% 368 10% 839 22%] 368 10% 875 23%] 875 23%] 881 28%
Net economic value from NPV USSM 192 22% 192 22% 46 5% 84 10%) 192 22% 84 10% 192 22% 192 22% 193 22%
1.3 Improve navigation River transport Navigable days by class 000 boat-days n/a n/a n/a n/a n/a n/a n/a n/a n/a
Net economic value NPV USSM
1.4 Decrease damages by Extent and duration of annual  Average area flooded annually to max 1.0m depth 1000 ha 27 2%| -297  -26% 27 2%| 27 2%| 27 2% 27 2%| 55 5%| -408  -36% 66 6%
floods floading by class Average area flooded annually > 1.0m depth 000 ha 33 5% 359 54% 32 5% 33 5% 33 5% 33 5% 720 %l 472 T1% 87 -13%
Net economic value of flood damage NPV USSM 7 12%)] -367  -612% 5 8%| 5 8% 5 8% 5 8%| 13 22%| -392  -654% 17 28%
1.5 Maintain productivity of ~ Capture fisheries and Annual average capture fish availability Mtonne / yr -0 -28% -0 -100%) 0 0% -0 -7%| -0 -28% -0 -14% -0 -28% -0 -100%) -0 -28%
fishery sector aquaculture production Annual average aquaculture production Mtonne / yr 1 33%] 1 33% 1 33%] 1 33%] 1 33% 1 33%] 2 100%) 2 100% 4 167%
Net economic value of capture fish NPV USSM -314  -57%) -314  -57% 31 6% -55  -10%) -314  -57% -142 -26% 25 4%) 25 4% 365 67%
2. Environmental protection
2.1 Maintain water quality Water quality Total pollutant discharge tonnes / yr 37,646 22%)| 37,646 22%) 37,646 22%| 37,646 22%)| 37,646 22%) 37,646 22%|117,220 69%| 37,646 22%|162,699 95%
and acceptable flow Water quality conditions Severity
conditions Flow characteristics Average flow in March m3s 281 7% 179 5% 200 5% 278 7% 278 7% 278 7%, 205 5% 209 5% 512  -13%
Average wet season peak daily flow m3fs -374 -2% 699 3% -366 -2% -364 -2% -364 -2% -364 -2% -670 -3% 324 2% -791 -4%
Average flow volume entering Tonle Sap MCM n/a n/a n/a n/a n/a n/a n/a n/a n/a
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap '000 ha
Tonle Sap Net economic value NPV USSM 3 -19% 3 -19%) 3 -19% 3 -19% 3 -19%) 3 -19% 3 -19%) 3 -19%) 3 -19%
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) 000 ha -0 0% 0 0% -0 0% -0 0% -0 0% -0 0% -1 -1% -0 0% -1 -1%
productivity and ecosystems Net economic value NPV USSM -4 587%| -3 416% -1 82% -1 82% -4 587% -1 82% -8 1237% -3 479% -8 1327%
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity 1000 ha -37 -2% 295 19% -33 -2% -47 -3% -16 1% -16 -1% -27 -2% 569 36% 51 3%
intrusion in the Mekong land use Net economic value NPV USSM 7 35% -22 -110%j 5  25% 3 15% 1 5% 3 15% 2 10% -22 -110%j -4 -20%
2.4 Minimize channel River bank erosion Area atrisk to erosion Severity Neutral Mildly negative Neutral Neutral Neutral Neutral Severely negative | Severely negative | Severely negative
effects on bank erosion Net economic value NPV USSM
and deep pools Flow and sediment transport Functioning deep pools No.
changes Induced changes Severity Neutral Mildly negative Neutral Neutral Mildly negative Mildly negative | Severely negative | Severely negative | Severely negative
2.5 Conservation of Impacts of flow management Status of river channel habitats Severity Mildly negative Negative Neutral Mildly negative Mildly negative Mildly negative | Severely negative | Extremely negative | Severely negative
biodiversity changes on endangered species  Flagship species Sunvival n/a n/a n/a n/a n/a n/a n/a n/a n/a
Unaffected environmental hot spots Severity Neutral Negative Neutral Neutral Neutral Neutral Negative Catastrophic Catastrophic
Biodiversity condition Severity Neutral Neutral Neutral Neutral Neutral Neutral Negative Mildly negative Negative
Incremental net economic value of habitat areas NPV USSM -60 -60 -150 -150
3. Social development
3.1 Maintain livelihoods of ~ Health, food and income security No. of people affected 000 1,283 290%| 1,283  290% 10 2% 328 74%| 1,283 290% 646  146%| 1,295 293%| 1,543 349%| 1,299  294%
vulnerable resource-users Severity of impact on health, food and income security Severity Mildly negative Mildly negative Neutral Mildly negative Mildly negative Mildly negative Mildly negative | Severely negative | Mildly negative
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related  employment from water resource |rigated agriculture 000 14 41%) 14 41% 14 41%) 14 41%) 14 41% 14 41%) 19  53%) 19  53% 44 126%
sectors interventions Reservoir fisheries (incremental to BS) 000 1 46%) 2 4% 1 46% 1 46%) 1 46% 1 46% 1 46%) 1 46% 1 46%
Hydropower production 000 -3 -8% -3 -8% -3 -8% -3 -8% -3 -8% -3 -8% -13 -42% -13 -42%) -13 -42%
Aquaculture (incremental to BS) 000 82 50% 82 50% 164  100%
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country  Total net economic value NPV USSM 834 16%) 409 8% 395 7%! 511 10%) 826 16% 424 8%| 1,438 27%)| 975 18%| 2,106 40%
LMB countries benefit from No. of people affected vulnerable to changes 000 1,283  290%| 1,283  290% 10 2% 328 74%| 1,283  290%! 646  146%| 1,295 293%| 1,543  349%| 1,299  294%
the development of water No. of jobs generated 000 13 6% 13 6% 13 6% 13 6% 13 6% 13 6% 89  38% 89  38%| 196  84%
and related resources Overall environment impact Severity Neutral Mildly negative Neutral Neutral Neutral Neutral Negative Negative Negative
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Summary of scenario assessment
Incremental values relative to Baseline
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Lower Mekong Basin

Specific L_‘Jevt_elopment . e —_— 2000 3000 4000 4001 5000 6100 6200 63 8000 8001 9000
objective Unit 2015-UMD 2015-DF 2030-20Y 2030-20Y+CC  2030-20Y-w/o MD ~ 2030-20Y-w/o LMD 2030-20Y-w/o TMD  2030-20Y-w/o CMD 2060-LTD 2060-LTD+CC 2060-VHD
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area '000 ha -275 “7%| 1,597 43%| 1,597 43%| 1,597 43%| 1,597 43%| 1,597 43%| 1,597 43%| 2,226 60%| 2,226 60%| 4,666 125%
agricultural production tonnage and value Crop production Mtonne / yr 27.153 97%| 27.153 97%| 27.153 97%| 27.153 97%| 27.153 97%| 27.153 97%| 43.372  155%| 43.372  155%| 93.307  333%
Net economic value NPV USSM -144 1,481 1,938 1,487 1,484 1,481 1,483 4,041 4,453 15,855
1.2 Increase hydropower Hydropower capacity, power Installed capacity Mw 4,946  312%| 24,839 1566%| 24,839 1566%| 10,142  639%| 17,641 1112%| 21,888 1380%| 20,559 1296%| 27,521 1735%| 27,521 1735%| 28,098 1772%
production generated and value Power generated GWhiyr 35,417  389%|194,136 2135%)194,136 2135%| 74,389  818%|136,129 1497%|171,381 1885%|156,630 1723%|206,800 2274%|206,800 2274%|209,735 2307%
Net economic value from generation NPV USSM 8,350 186%| 17,028  379%| 17,028  379%| 11,069 246%| 13,638 303%| 15,187 338%| 16,410 365%| 21,783  485%| 21,783  485%| 22,711  505%
Net economic value from purchased NPV USSM 3,142 385%| 15,796 1934%| 15,796 1934%| 6,534  800%| 11,364 1392%| 13,519 1655%| 13,922 1705%| 16,082 1969%| 16,082 1969%| 16,076 1969%
1.3 Improve navigation River transport Navigable days by class 000 boat-days n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
Net economic value NPV USSM -0 0% 64  35% 64 35% 64 35% 64 35% 64 35% 64 35% 64 35% 64 35% 64 35% 64 35%
1.4 Decrease damages by ~ Extent and duration of annual  Average area flooded annually to max 1.0m depth 1000 ha 118 8% 151 10% =179 -12%)| 153 10% 152 10% 152 10% 152 10% 184 12% =261 -17% 198 13%
floods flooding by class Average area flooded annually > 1.0m depth 000 ha -367  -11%|  -465  -14% 485  15%| -453  -14%| -459  -14%| 459  -14%| -459  -14%| 532 -16% 542 17%| -590  -18%
Net economic value of flood damage NPV USSM 462 377 -273 360 360 360 360 408 -296 432
1.5 Maintain productivity of ~Capture fisheries and Annual average capture fish availability Mtonne / yr -0.044 -2%| -0.142 -6%| -0.515 -20%] -2.530 -100%| -0.187 -7%| -0.245 -10%| -0.512 -20%| -0.314 -12%| -0.418 -17%| -2.530 -100%| -0.397 -16%
fishery sector aquaculture production Annual average aquaculture production Mtonne / yr 1.025 52%| 1.025 52%| 2.063 105%| 2.063 105%| 2.063 105%| 2.063 105%| 2.063 105%| 2.063 105%| 4.078 207%| 4.078 207%| 6.094 310%
Net economic value of capture fish NPV USSM 274 -459 -459 636 441 -452 212 494 494 1,194
2. Environmental protection
2.1 Maintain water quality Water quality Total pollutant discharge tonnes / yr 189,447 51%)199,809 54%|199,809 54%|199,809 54%|199,809 54%)199,809 54%|393,559  107%|199,809 54%|570,281  155%
and acceptable flow Water quality conditions Severity
conditions Flow characteristics Average flow in March m3fs 748 38% 844 43%| 1,205 62%| 1,214 62%| 1,105 56%| 1,190 61%| 1,189 61%| 1,189 61%| 1,199 61%| 1,229 63% 719 37%
Average wet season peak daily flow m3ls -1,288 -5%| -1,424 -5%| -2,194 -8%] 540 2%| -2,175 -8%| -2,080 -8%| -2,191 -8%| -2,136 -8%| -2,617  -10% 91 0%| -2,866  -10%
Average flow volume entering Tonle Sap MCM -2,113 -7%| -2,518 -8%| -4,265  -13%| -1,596 -5%| -3,900  -12%| -3,920  -12%| -3,918  -12%| -3,919  -12%] -5,322  -16%| -2,477 -8%| -5,250  -16%
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap ‘000 ha -9 -1%) -14 -1%) 15 1% -14 -1% -14 -1%) -14 -1%) -14 -1%) -19 2% -6 -1%) -29 -3%
Tonle Sap Net economic value NPV USSM -153 -372 -372 -183 -228 -349 -254 -731 -731 -822
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) 000 ha -35 -2% -48 -3% 35 2% -47 -3% -48 -3% -48 -3% -48 -3% -55 -4% 24 2% -66 -4%
productivity and ecosystems Net economic value NPV USSM -228 225 101 -176 -178 -225 -178 -260 36 -310
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity 000 ha -240  -13%) =272 -15% -309  -17%) 23 1% -305  -16% =319 -17% -288  -16%) -288  -16%) -299  -16% 297 16% =221 -12%
intrusion in the Mekong land use Net economic value NPV USSM 20 27 -2 25 23 21 23 22 -2 16
2.4 Minimize channel River bank erosion Area at risk to erosion Severity Mildly positive Mildly positive Mildly negative Negative Positive Positive Mildly negative Mildly negative Negative Negative Negative
effects on bank erosion Net economic value NPV USSM
and deep pools Flow and sediment transport Functioning deep pools No. -20  -43%) -20  -43% -13  -28%) -14  -30%) -18  -38% -20  -43% -20  -43%) -20  -43%
changes Induced changes Severity Neutral Mildly negative Negative Negative Mildly negative Mildly negative Negative Negative Extremely negative | Extremely negative | Extremely negative
2.5 Conservation of Impacts of flow management Status of river channel habitats Severity Neutral Mildly negative Negative Negative Mildly negative Negative Negative Negative Extremely negative | Extremely negative | Extremely negative
biodiversity changes on endangered species  Fiagship species Sunvival n/a n/a nfa n/a n/a n/a nfa n/a n/a n/a n/a
Unaffected environmental hot spots Severity Neutral Mildly negative | Severely negative | Extremely negative Negative Negative Severely negative Negative Extremely negative|  Catastrophic Catastrophic
Biodiversity condition Severity Neutral Mildly negative | Severely negative | Severely negative Negative Negative Severely negative Negative Severely negative | Severely negative | Extremely negative
Incremental net economic value of habitat areas NPV USSM -85 -330 -415 -220 -240 -330 -305 -435 -525 -700
3. Social development
3.1 Maintain livelihoods of  Health, food and income security No. of people affected 000 527 887 4,360 4,360 1,564 2,015 4,359 2,738 4,506 4,810 4,594
vulnerable resource-users Severity of impact on health, food and income security  Severity Mildly negative Negative Severely negative | Severely negative Negative Severely negative | Severely negative | Severely negative | Severely negative | Extremely negative | Severely negative
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related ~ employment from water resource |rigated agriculture 000 212 51% 212 51% 212 51% 212 51% 212 51% 212 51% 658  157% 658 157%| 1,535  367%
sectors interventions Reservoir fisheries (incremental to BS) 000 15 64 72 32 40 60 51 126 126 141
Hydropower production '000 104 612 612 224 387 534 469 527 527 573
Aquaculture (incremental to BS) 000 251 352 352 352 352 352 352 528 528 704
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country  Total net economic value NPV USSM -0 0% 11,700 213%| 33,386  608%| 33,403 608%| 19,596 357%| 26,728  486%| 29,276  533%| 31,738 578%| 41,468  755%| 41,358  753%| 54,517  992%
LMB countries benefit from No. of people affected vulnerable to changes '000 527 887 4,360 4,360 1,564 2,015 4,359 2,738 4,506 4,810 4,594
the development of water No. of jobs generated 000 370  89%| 1,240 297%| 1,248  299% 820  196% 990  237%| 1,158 277%| 1,084 259%| 1,839  440%| 1,839  440%| 2,954 707%
and related resources Overall environment impact Severity Mildly negative | Severely negative | Severely negative Negative Negative Severely negative | Severely negative | Severely negative | Severely negative | Extremely negative
ly neg: ly neg: ly neg: g g ly neg: ly neg: ly neg: ly neg: y neg
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Summary of scenario assessment
Incremental values relative to Definite Future Scenario
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Specific development rrer 2000 3000 4000 4001 5000 6100 6200 8000 8001 9000
A Issue Assessment criteria
objective Unit  2015-UMD 2015-DF 2030-20Y 2030-20Y+CC  2030-20Y-w/o MD ~ 2030-20Y-w/o LMD 2030-20Y-w/o TMD 2060-LTD 2060-LTD+CC 2060-VHD
1. Economic development
1.1 Increase irrigated Irrigable area, production Incremental area 000 ha 1,872 54%| 1,872 54%| 1,872 54%| 1,872 54%| 1,872 54%| 1,872 54%| 2,501 72%| 2,501 72%| 4,941  143%
agricultural production tonnage and value Crop production Mionne /yr 27 9% 27 9% 27 9% 27 9% 27 9% 27 9% 43 155% 43 155% 93  333%
Net economic value NPV USSM 1,625 -1128%| 2,082 -1445%| 1,631 -1132%| 1,628 -1130%| 1,625 -1128%| 1,627 -1129%| 4,185 -2905%| 4,597 -3191%| 15,999 -11105%
1.2 Increase hydropower Hydropower capacity, power Installed capacity MW 19,892  305%| 19,892  305%| 5,195 80%| 12,694 194%| 16,941 259%| 15,612 239%| 22,575 346%| 22,575 346%| 23,152  354%
production generated and value Power generated GWhiyr 158,719  357%|158,719  357%| 38,973 88%|100,712  226%|135,964  305%)121,213  272%|171,383  385%(171,383  385%|174,318 392%
Net economic value from generation NPV USSM 8,678 68%| 8,678 68%| 2,719 21%| 5,288 41%| 6,837 53%| 8,061 63%| 13,433  105%| 13,433  105%| 14,362 112%
Net economic value from purchased NPV USSM 12,654  320%| 12,654 320%| 3,393 86%| 8,222  208%| 10,377 262%| 10,781 272%) 12,940 327%| 12,940 327%| 12,934  327%
1.3 Improve navigation River transport Navigable days by class 000 boat-days n/a n/a n/a n/a n/a nla nla n/a n/a
Net economic value NPV USSM -0 0%
1.4 Decrease damages by ~ Extent and duration of annual  Average area flooded annually to max 1.0m depth 000 ha 33 2% -297  -18% 35 2% 34 2%, 34 2%, 34 2% 66 4%|  -379  -23% 80 5%
floods flooding by class Average area flooded annually > 1.0m depth 000 ha 98 3% 851  30% 86 -3% 92 3% 92 3% 92 3% -165  -6%| 909  32%| 223 8%
Net economic value of flood damage NPV USSM -85  -18%) -735  -159%) -102  -22% -102  -22% -102  -22%) -102  -22%) -54  -12% -758  -164% -30 -6%
1.5 Maintain productivity of ~ Capture fisheries and Annual average capture fish availability Mtonne / yr -0 -16% -2 -100% -0 -2% -0 -4% -0 -15% -0 7% -0 -12% -2 -100% -0 1%
fishery sector aquaculture production Annual average aquaculture production Mtonne / yr 1 35% 1 35% 1 35% 1 35% 1 35% 1 35% 3 102% 3 102% 5 169%
Net economic value of capture fish NPV USSM -734  -268%) -734  -268%) 362 132% 167 61% -726  -265%) -62  -23% 220 80% 220 80% 920  336%
2. Environmental protection
2.1 Maintain water quality Water quality Total pollutant discharge tonnes / yr 189,447 51%199,809 54%|199,809 54%|199,809 54%|199,809 54%199,809 54%|393,559  107%199,809 54%|570,281  155%
and acceptable flow Water quality conditions Severity
conditions Flow characteristics Average flow in March mals 361 13%] 370 13%) 260 9% 346 12%] 344 12%] 345 12%) 355 13% 384 14%) -125 4%
Average wet season peak daily flow m3/s =770 -3%| 1,964 8% -750 -3% -656 -3% -767 -3% =712 -3%| -1,192 5%| 1,516 6%| -1,441 -6%
Average flow volume entering Tonle Sap MCM -1,747 -6%] 922 3%| -1,382 -5%| -1,402 -5%| -1,400 -5%| -1,401 -5%| -2,803 -9% 41 0%| -2,732 -9%
Protection of forests around Forest, marshes and grasslands flooded at Tonle Sap 000 ha -5 0% 24 2% -5 0% -5 0% -5 0% -5 0% -9 -1% 3 0% -20 2%
Tonle Sap Net economic value NPV USSM -219  143% -219  143% -29 19% <74 48% -195  127% -100  65% -577  376% -577  376%, -669  436%
2.2 Maintain wetland Productivity of wetland Are of wetlands (forest, marshes, wetland) '000 ha -13 -1%) 70 5% -12 -1% -13 -1%) -13 -1%) -13 -1%)| -20 1% 59 4% -30 -2%
productivity and ecosystems Net economic value NPV USSM 3 -1%] 329  -144% 53  -23% 50  -22% 3 -1%] 50 -22% -32 14% 264 -116%) -81  36%
2.3 Manage salinity Impact of salinity intrusion on Area within delta within threshold level of salinity '000 ha -37 -2% 295 19% -33 -2% -47 -3%)| -16 -1%) -16 -1%)| -27 2% 569 36%! 51 3%
intrusion in the Mekong land use Net economic value NPV USSM 7 3% -22 -110% 5 25% 3 15%] 1 5% 3 15%) 2 10% -22 -110%j -4 -20%
2.4 Minimize channel River bank erosion Area at risk to erosion Severity Negative Severely negative Neutral Neutral Negative Mildly negative | Severely negative | Severely negative | Severely negative
effects on bank erosion Net economic value NPV USSM
and deep pools Flow and sediment transport _Functioning deep pools No. -20  -43% 20 -43% -13 -28% -14 -30% -18  -38% 20 -43% 20 -43% 20 -43%
changes Induced changes Severity Mildly negative Mildly negative Mildly negative Neutral Mildly negative Mildly negative | Severely negative | Severely negative | Severely negative
2.5 Conservation of Impacts of flow management Status of river channel habitats Severity Mildly negative Negative Mildly negative Mildly negative Mildly negative Mildly negative | Severely negative | Severely negative | Severely negative
biodiversity changes on endangered species Flagship species Survival nla n/a n/a n/a n/a n/a n/a n/a n/a
Unaffected environmental hot spots Severity Negative Severely negative |  Mildly negative Negative Negative Negative Severely negative | Extremely negative|  Catastrophic
Biodiversity condition Severity Negative Negative Mildly negative Mildly negative Negative Mildly negative Negative Negative Severely negative
Incremental net economic value of habitat areas NPV USSM -245  288%) -330  388%) -135  159% -155  182% -245  288%) -220  259% -350  412% -440  518% -615  724%
3. Social development
3.1 Maintain livelihoods of ~ Health, food and income security No. of people affected '000 3,473  392%| 3,473  392% 677 76%| 1,128 127%| 3,472 391%| 1,851 209%| 3,619 408%| 3,923 442%| 3,707 418%
vulnerable resource-users Severity of impact on health, food and income security Severity Negative Negative Mildly negative Mildly negative Negative Mildly negative Negative Severely negative Negative
3.4 Increased employment  Incremental sustainable Incremental number of people engaged in:
generation in water related gmploym_ent from water resource Irigated agriculture '000 212 51% 212 51% 212 51% 212 51% 212 51% 212 51% 658  157% 658  157%| 1,535 367%
sectors interventions Reservoir fisheries (incremental to BS) 000 49 325% 57 375% 17 112% 24 161% 45 298% 35  233% 111 729% 111 729% 126 833%
Hydropower production '000 508  490% 508  490% 120  116% 283 273% 430  415% 366  353% 424 409% 424 409% 470 453%
Aquaculture (incremental to BS) 000 101 40% 101 40% 101 40% 101 40% 101 40% 101 40% 277 110% 277  110% 453 181%
4 Equitable development
4.1 Ensure that all four Aggregate benefits by country  Total net economic value NPV USSM 21,685 126%| 21,703  126%| 7,896 46%| 15,028 87%| 17,576  102%| 20,038  117%| 29,768  173%| 29,658 172%| 42,816  249%
LMB countries benefit from No. of people affected vulnerable to changes 000 3,473  392%| 3,473  392% 677 76%| 1,128 127%| 3,472 391%| 1,851 209%| 3,619 408%| 3,923 442%| 3,707 418%
the development of water No. of jobs generated 000 870 111%| 878 111%| 450  57%| 620  79%| 788 100%| 714  91%| 1,469 187%| 1,469 187%| 2,584  328%
and related resources Overall environment impact Severity Negative Negative Mildly negative Mildly negative Negative Negative Negative Negative Severely negative
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